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91GENERAL INTRODUCTION 
The tobacco epidemic is one of the largest public health problems in the world. Every 
year, smoking kills nearly six million people around the world. Five million of these people 
are smokers and ex-smokers and more than 600,000 are non-smokers exposed to 
second-hand smoke. The number of smoking-related deaths is still increasing every year. 
In 2030, it is expected that this number will be around eight million people per year (WHO, 
2011). A major problem with tobacco use is that most of the smoking-related detrimental 
consequences on health do not occur until years after the start of using tobacco products. 
Most common smoking-related diseases are cancer, asthma, and chronic obstructive 
pulmonary diseases (COPD). Probably the most cost-effective long-term strategy for the 
control of cancer is prevention (WHO, 2012). Preventing youths from smoking initiation will 
prevent them from developing smoking-related health problems in the future. Therefore, 
the research in the present thesis focused on increasing our understanding of why (pre)
adolescents start smoking and how to prevent (pre)adolescents from smoking initiation.
Smoking prevalence
In the last decade the number of smokers in high-income countries (including the 
Netherlands) has been decreasing. In the fifties, 60% of the Dutch population was 
smoking. In 2011 this number had decreased to 25% (Stivoro, 2012). Most people start 
smoking during adolescence (U.S. Department of Health and Human Services, 2012). 
Overall, Dutch national data showed that smoking rates among adolescents are 
decreasing. Still, 37% of the Dutch adolescents tried smoking during adolescence in 2011 
(Figure 1). Although overall rates are decreasing, smoking increases across adolescence. 
The national data show that 7% of the 10 years-old children tried smoking. These estimates 
increased to 12% for 12-year old children, 42% for 14-year old children, and up to 69% for 
19-year old children (Stivoro, 2011). These prevalence rates correspond with smoking rates 
in the United States (Morbidity & Mortality Week Report, 2010) and the United Kingdom 
(National Centre for Social Research, 2010). These rates emphasize that smoking uptake is 
evidently still a problem during adolescence. Several studies have shown that nicotine 
dependence occurs after very little exposure to smoking and develops rapidly after the 
onset of smoking (e.g., DiFranza et al., 2000). Moreover, early initiators are most likely to 
smoke as adults (Chassin, Clark, Pitts, & Sherman, 2000) and less likely to attempt to quit 
smoking (Chassin, Presson, Sherman, & Edwards, 1990; Ershler, Leventhal, Flemming, & 
Glynn, 1989), and less likely to be successful in quitting (Ershler et al., 1989). To prevent this, 
the process of early smoking initiation needs to be examined more closely.
The Onset of Smoking
The development of a smoking habit or addiction develops through a sequence of stages 
(Mayhew, Flay, & Mott, 2000). These stages can be categorized as non-smoking stage, 
trying stage, experimental stage, regular smoking stage, and established/daily smoking 
stage (Mayhew et al., 2000). The non-smoking stage can be divided into a non-smoking 
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preparation stage and a non-smoking contemplation and preparation stage. In the 
non-smoking preparation stage, non-smokers do not have an intention to smoke. In the 
non-smoking contemplation and preparation stage, youths are still non-smokers but have 
an intention to smoke. However, their beliefs and attitudes are formed, and they are 
vulnerable to peer pressure. In the initiation/trying stage, adolescents try smoking for the 
first time but they have not smoked more than one or two cigarettes and they have 
not smoked in the last year. Further, they may have tried smoking but quitted. In the 
experimental, regular smoking, and daily smoking stages, the frequency of smoking and the 
number of situations in which one smokes increases (Mayhew et al., 2000). This thesis 
focuses on the first two stages of smoking during the late childhood and adolescence 
with an aim to determine why adolescents make the transition from not trying to trying 
of smoking. We examined this transition close to the moment of the onset of smoking. We 
also examined different risks and protective predictors of the initiation of smoking.
Risk and protective factors of smoking onset
The risks and protective factors of smoking onset can be divided into individual and 
environmental factors. In this thesis, individual factors refer to smoking-related cognitions 
and genes. Environmental factors may refer to the role of parents and peers. Additionally, 
interactions between individual and environmental factors, such as gene-environment 
interactions, are discussed.
Figure 1   Smoking prevalence among 10-19 year old adolescents from 2001-2011 
(Source: Stivoro)
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Individual factors 
Cognitions
Different theories emphasize the importance of smoking-related cognitions in smoking 
behavior (Petraitis, Flay, & Miller, 1995). Cognitions can be divided into implicit and explicit. 
Implicit cognitions are associations in memory that influence cognitive processes and 
behavior in a relatively automatic way (Greenwald & Banaij, 1995). Explicit cognitions are 
intentional, conscious, and controlled processes. People are more aware of the causes of 
their own behavior. This means that people have to consciously reflect on their beliefs, 
feelings, and behavior regarding smoking (Wiers et al., 2007). This thesis concentrated on 
explicit smoking-related cognitions derived from the Theory of Planned Behavior (TPB), 
namely attitudes, refusal self-efficacy, and social norms. Attitudes refer to the amount to 
which an individual has a favorable or unfavorable evaluation or appraisal of (smoking) 
behavior (Ajzen, 1991). Refusal self-efficacy refers to adolescents’ confidence in their ability 
to stay a non-smoker and the confidence to refuse a cigarette (de Vries, Dijkstra, & Kuhlman, 
1988). Social norms refer to the perceived social pressure to smoke or not to smoke (Ajzen, 
1991). The TPB posits that smoking-related cognitions predict the intention to start 
smoking. In turn, intention to start smoking predicts actual smoking onset. Several studies 
have found support for the predictive value of the TPB with respect to adolescent smoking 
(e.g., Guo et al., 2007; Harakeh, Scholte, Vermulst, de Vries, & Engels, 2004; Mercken, Candel, 
van Osch, & de Vries, 2011; Otten, Harakeh, Vermulst, van den Eijnden, & Engels, 2007; 
Petraits et al., 1995; Smith, Bean, Mitchell, Speizer, & Fries, 2007; Topa & Moriano, 2010). Yet, 
very little is known about the effectiveness of cognitions in predicting smoking behavior 
in children in preadolescence.
 In addition to cognitions, it is important to gain more insight into factors that precede 
smoking cognitions (Petraitis et al., 1995). Previous studies found support for the idea that 
specific parenting factors affect adolescent smoking indirectly through smoking-specific 
cognitions (i.e., Harakeh et al., 2004; Otten et al., 2007). Previous research has not examined 
the role of parental factors and cognitions in predicting smoking during preadolescence. 
Therefore, in the present thesis we focused on the TPB by concentrating on parental 
factors (i.e., quality and frequency of communication and parental smoking) that influence 
smoking-related cognitions and smoking behavior (Chapter 2).
 Concerning cognitions involved in smoking, self-efficacy becomes more important 
as youth get more in contact with smoking-related situations during adolescence while 
attitudes and social norms become more important in the preparation stage of youth 
smoking behavior (U.S. Department of Health and Human Services, 2012). In Chapters 3 
and 4, we looked at the role of self-efficacy in more detail. Cross-sectional and longitudinal 
studies show that high self-efficacy relates to lower smoking initiation rates (e.g., Chang et 
al., 2006; de Vries et al., 1988; Harakeh et al., 2004; Lawrance & Rubinson, 1989; Otten et al., 
2007). Despite the longitudinal nature of some studies, self-efficacy has always been 
measured at one point in time. However, self-efficacy is not a static concept (Bandura, 
12
CHAPTER 1
1997) and levels of self-efficacy are likely to fluctuate over time. For instance, most 
teenagers enter adolescence as non-smokers with high levels of self-efficacy to refuse 
smoking. Nonetheless, during adolescence, they might encounter more situations in 
which people smoke and smoking might become more accepted behavior. Consequently, 
self-efficacy to refuse smoking might decrease while the likelihood of starting smoking 
increases. Therefore, it is important to look at changes in self-efficacy over time (Chapter 3). 
To get a more precise and accurate picture of predictors of smoking onset, we have 
looked at the timing of adolescent smoking onset during adolescence and the effect of 
fluctuation in self-efficacy values on timing of smoking onset over time (i.e., time-varying 
effects) (Chapter 4).
Genes
Regarding different phases of smoking behavior, several review studies have shown a 
significant heritability component (Ho & Tyndale, 2007; Li, Cheng, Ma, & Swan, 2003; 
Schnoll, Johnson, & Lerman, 2007; Sullivan & Kendler, 1999). Specifically, in their review, Ho 
and Tyndale (2007) showed that the heritability of smoking onset has been estimated at 
11-78%, smoking persistence at 28-84%, and smoking cessation at 50-58%. The proportion 
of heritability of smoking onset and persistence showed large differences. It could be that 
the proportion of genetic influences differed by gender. Li and colleagues (2003) showed 
in their meta-analyses that for smoking initiation, the heritability was 37% for males and 
55% for females while for smoking persistence it was 59% for males and 46% for females. 
Besides this, genetic factors for different smoking stages overlap, suggesting that some 
genes are related to a specific smoking stage whereas others may influence multiple 
stages of smoking (e.g., Vink, Willemsen, & Boomsma, 2005). 
 To investigate the genetic basis of smoking, molecular genetic studies have focused 
on specific genotypes (i.e., candidate gene studies). Most candidate gene studies have 
estimated the effect of genes that operate in neurotransmitter pathways (e.g., the 
dopamine and serotonin pathways), nicotine metabolism, and neuronal nicotinic 
receptors (Munafò & Johnstone, 2008). A central focus has been on the dopaminergic 
genes because of their role in the rewarding properties of nicotine (e.g., Corrigall, Franklin, 
Coen, & Adamson, 1992). Nicotine activates the mesolimbic dopamine system and 
increases dopamine release in the brain, increasing the feelings of pleasure or reward. The 
mesolimbic pathway transmits dopamine from the ventral tegmental area (VTA) of the 
midbrain to the nucleus accumbens. In the nucleus accumbens, nicotine increases 
dopaminergic activity (e.g., Pierce & Kumaresan, 2006). The feeling of reward associated 
with the increase in dopamine release is one of the assumed underlying mechanisms in 
the development of nicotine addiction.
 In the present thesis, we focused on smoking initiation. Children have not smoked 
much and to experience dopamine-related craving, they would have to consume a 
substantial number of cigarettes some times. This makes dopaminergic involvement in 
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the early stages of smoking less likely. Recent research has revealed that before persons 
have an experience with a drug, environmental drug-related cues can trigger automatic 
cognitive responses (Pieters et al., 2012). Specifically for smoking, Lochbühler, Otten, 
Voogd, and Engels (2012) showed that parental smoking increases children´s attention to 
smoking cues even among non-smoking children. Morever, smoking-related stimuli are 
also able to elicit an increase in dopamine levels in the brain (Robinson & Berridge, 2003).  
Important aspects of the dopaminergic system involve activation of postsynaptic neurons 
(i.e., dopamine receptors) and dopamine reuptake by presynaptic neurons (i.e., dopamine 
transporters). In the present thesis, we concentrated on polymorphisms in three candidate 
genes of the dopaminergic system: the dopamine receptors D2 (DRD2) and D4 (DRD4) and 
the dopamine transporter (DAT1) (Chapter 5 and 6).
Environmental factors
Role of Parents 
Parents play an important role in socialization process of their children. They teach a child 
what he/she needs to know regarding smoking behavior. To prevent children from smoking, 
parents can have direct influence as role models for their children’s smoking behavior and 
can affect their children indirectly via their parenting practices (e.g., Engels, 2000).
 Parental Smoking. Children are largely exposed to smoking of people in their 
environment. Over 40% of children have at least one smoking parent (WHO, 2011). A 
review of Leonardi-de Bee, Jere, and Britton (2011) concluded that parental smoking 
affects the likelihood of smoking behavior of their offspring. More specifically, parental 
smoking affects the likelihood that children will start smoking and develop regular 
smoking habits over time (Gilman et al., 2009; Mayhew et al., 2000). This could be explained 
by mechanisms of social modeling (Bandura, 1977). Children learn by observing the 
behavior of their environment. In addition to the effect of parental smoking on smoking 
behavior of adolescents, research showed that parental smoking behavior affects smok-
ing-related cognitions (e.g., Harakeh et al., 2004; Otten et al., 2007). Harakeh et al. (2004) 
found that adolescents with parents who smoke were more likely to develop pro-smoking 
attitudes. Furthermore, Otten et al. (2007) showed a positive relation between parental 
smoking and perceived social norms of parents by adolescents. In this thesis, we examined 
the role of parental smoking on smoking-related cognitions during preadolescence 
(Chapter 2) and the influence of parental smoking on smoking onset in genetically 
vulnerable adolescents (i.e., carriers and non-carriers of specific genes of the dopaminergic 
system) (Chapter 5). Parental smoking was also used as a control variable.
 Smoking-specific parenting. Indirectly, parents can affect their children’s smoking 
behavior through parenting practices. Previous research showed that parenting styles 
based on support and control are relevant for child’s smoking behavior (e.g., Chassin, 
Presson, Todd, Rose, & Sherman, 1998). Besides the effects of general parenting, smoking-
specific parenting influences their offspring’s smoking behavior (e.g., Chassin et al., 2005; 
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Otten, Engels, & van den Eijnden, 2008). Smoking-specific parenting or antismoking 
socialization includes specific strategies aimed at preventing smoking onset by setting 
rules, transmitting knowledge of smoking, and encouraging antismoking attitudes (e.g., 
Engels & Willemsen, 2004; Ennett, Bauman, Foshee, Pemberton, & Hicks, 2001; Harakeh, 
Scholte, de Vries, & Engels, 2005; Jackson & Dickinson, 2003). 
 Parent-child communication is a powerful tool in the socialization of children and 
adolescents (Kunkel, Hummert, & Dennis, 2006). Communication is important in discussing 
rules and helping adolescents make decisions regarding whether or not to smoke (Noller, 
1995). Previous research has shown that the effectiveness of conversations about smoking 
depends on how and how often parents discussed smoking with their children (i.e., quality 
and frequency of communication). More specifically, studies showed that a constructive 
and respectful manner of communication prevents adolescents from smoking (Chassin et 
al., 2005; de Leeuw, Scholte, Harakeh, van Leeuwe, & Engels, 2008; de Leeuw, Scholte, 
Vermulst, & Engels, 2010; Harakeh et al., 2005; Otten et al., 2007; Ringlever, Otten, van 
Schayck, & Engels, 2011). The findings concerning the frequency of communication are 
more ambiguous. Some studies demonstrated that frequent smoking-specific 
communication reduces the risk of smoking in adolescents (Chassin et al., 1998; Clark, 
Scarisbrick Hauser, Gautam, & Wirk, 1999; Jackson & Henriksen, 1997; Ringlever et al., 2011) 
while other studies suggested that frequent smoking-specific communication increases 
adolescent smoking onset (den Exter Blokland, Hale III, Meeus, & Engels, 2006; Harakeh et 
al., 2005; Jackson, 1997). These contradictory findings are likely to be a result of parents 
reacting to child smoking, as parents are likely to start talking about smoking more often 
if they find out that their child tried to smoke (de Leeuw et al., 2010; Ennett et al., 2001).
 In addition to communication, anti-smoking socialization practices consist of other 
responses, such as setting smoking-specific rules, the presence of a non-smoking contract, 
the availability of cigarettes, and parental influence and reaction. A recent review illustrated 
that smoking-specific house rules prevent adolescents from smoking (Emory, Saquib, 
Gilpin, & Pierce, 2010). However, the effectiveness of a non-smoking agreement is less 
straightforward. Some studies found that it lowers the risk for smoking onset as well as 
smoking rates (de Leeuw et al., 2010; Huver, Engels, Vermulst, & de Vries, 2007). Others 
found no effect of a non-smoking agreement (den Exter Blokland et al., 2006; Harakeh et 
al., 2005; Huver et al., 2007). The availability of cigarettes is also associated with higher 
likelihood of smoking onset (Conrad, Flay, & Hill, 1992; Woodruff, Candelaria, Laniado-
Laborín, Sallis, & Villasenor, 2003).
 Different results emerged concerning perceived parental influence (i.e., the confidence 
of children that their parents are able to influence their smoking behavior; Engels & 
Willemsen, 2004) and perceived parental reaction (i.e., the reaction of adolescents’ parents 
when they found out that their child smoked; Engels & Willemsen, 2004). Some studies 
reported a negative association between parental influence and adolescent smoking onset 
(Harakeh et al., 2005; Engels & Willemsen, 2004) while others did not find effects of parental 
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influence on smoking onset (den Exter Blokland et al., 2006). Similarly, some studies found 
that parental reaction may protect children from smoking (Chassin et al., 2005; Sargent & 
Dalton, 2001) while others found no association with smoking (den Exter Blokland et al., 
2006; de Leeuw, 2011). Finally, some studies showed conflicting results regarding the effects 
of parental reactions (den Exter Blokland et al., 2006; Distefan, Gilpin, Choi, & Pierce, 1998). 
 In conclusion, different smoking-specific parenting practices show promising effects 
in the prevention of smoking, nevertheless more research is necessary. More research is 
needed to explain some of the contradictory findings on these parenting practices. In this 
thesis, we used longitudinal designs to extend the knowledge of smoking-specific 
parenting on smoking onset for genetically vulnerable adolescents (Chapter 6). Besides 
this, most smoking-specific parenting research has been conducted on adolescent 
samples. In this thesis, we focused on the effects of smoking-specific parenting on 
smoking onset during preadolescence (Chapter 2, 8, 9).
Role of peers
Besides parents, the role of peers is very important during adolescence. Youths are 
vulnerable to existing norms (Finkenauer et al., 2002). They have a strong need for social 
approval, group membership, and close friendships (e.g., Hartup, 1996). Peers can offer 
cigarettes, act as negative or positive role models, or set norms. This thesis focused on the 
role of siblings, friends, and best friends’ smoking behaviors. Sibling (Leonardi-Bee et al., 
2011) and peer smoking (e.g., Avenevoli & Merikangas, 2003; Hoffman, Sussman, Unger, & 
Valente, 2006; Kobus, 2003; Simons-Morton & Farhat, 2010) affect adolescent smoking 
uptake. The influence of friends’ smoking has been considered a stronger predictor of 
adolescent smoking compared to sibling smoking (e.g., Avenoli & Merikansgas, 2003; 
Harakeh et al., 2007). Moreover, when the influence of friends is divided into the influence 
of best friends and the influence of friends’ smoking behavior, best friends appear to have 
the strongest effect on adolescent smoking onset (Simons-Morton & Farhat, 2010). 
 Besides the different effects of peers, the relative role of parents and peers on 
adolescent smoking is not yet clear. Some studies found that parents have more influence 
on the onset of children’s smoking compared to peers (Vitaro, Wanner, Brendgen, Gosselin, 
& Gendreau, 2004). Other research found that both parents and peers have similar 
magnitude of influence (Bricker et al., 2006; Bricker, Peterson, Sarason, Andersen, & Rajan, 
2007; de Vries, Engels, Kremers, Wetzels, & Mudde, 2003; Engels, Vitaro, den Exter Blokland, 
de Kemp, & Scholte, 2004). Yet other studies showed that peers have a greater influence 
on smoking initiation than do parents (Bauman, Carver, & Gleiter, 2001a; de Leeuw et al., 
2010; Mercken, Snijders, Steglich, & de Vries, 2009). Therefore, in Chapters 3 and 4 of this 
thesis, we looked at the influence of parents, sibling, friends, and best friends smoking on 
smoking behavior of the adolescent in addition to the influence of self-efficacy. In Chapter 
5, we looked at the influence of environmental smoking on genetically vulnerable 
adolescents during early and middle-to late adolescence.
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Gene-environment interactions
Besides the separate effects of genes and environmental factors, the same environmental 
influences may affect individuals differentially. Some environmental factors may increase 
the likelihood that a person will start smoking, depending on the presence of certain 
genetic polymorphisms, so-called gene-environment (GxE) interactions (e.g., Plomin, 
DeFries, & Loehlin, 1977). Ottman (1996) defined a gene-environment interaction as “a 
different effect of an environmental exposure on disease risk in persons with different 
genotypes” or, alternatively, “a different effect of a genotype on disease risk in persons 
with different environmental exposures” (Ottman, 1996). 
 The above-mentioned literature established that environmental smoking and parenting 
(i.e., anti-smoking socialization) are important factors explaining adolescent smoking 
behavior. The influence of environmental smoking and smoking-specific parenting may be 
different for adolescents with and without genetic susceptibility to smoking initiation. For 
example, White, Hopper, Wearing, and Hill (2003) showed that heritability factors affect 
adolescent smoking through the choice of friends. Another twin study showed that 
adolescents who are genetically predisposed to start smoking are also more susceptible to 
best friends’ smoking (Harden, Hill, Turkheimer, & Emery, 2008). Other gene-environment 
interaction studies showed that high levels of parental monitoring (Dick et al., 2007) and 
religiousness (Timberlake et al., 2006) protected vulnerable adolescents from smoking. Yet, 
behavioral genetic studies do not provide any information on the specific gene(s) that may 
be involved. So far, candidate gene studies that would examine gene-environment effects 
on smoking are scarce. Previous candidate gene studies focused on the genes from the 
serotonin system. For example, Nilsson, Oreland, Kronstrand, and Leppert (2009) found an 
interaction effect of the 5-HTTLPR and poor family environment on smoking habits as well 
as nicotine and cotinine levels. To our knowledge, no candidate gene studies on the 
dopaminergic system examined gene-environment effects on smoking initiation. However, 
interactions between parenting and the dopaminergic system were found for other types 
of substance use behaviors. Previous research revealed an interaction between  the 
dopaminergic system DRD2 and parental rules regarding alcohol use (e.g., Pieters et al., 2012; 
van der Zwaluw et al., 2010) and between the DRD4 genotype and parental monitoring 
regarding cannabis use (Otten, Barker, Huizink, & Engels, 2012). However, concerning 
environmental smoking, no interaction effect of best friends’ alcohol use and the DRD4 
genotype on adolescent alcohol use was found (van der Zwaluw et al., 2012). However, in an 
experimental design, Larsen et al (2010) found an interaction. Young adults who were 
exposed to a heavy drinking peer were more susceptible to alcohol use and drank more, 
especially when carrying the DRD4 long allele.
 In the present thesis, we examined the interaction between specific genes in the 
dopaminergic system and environmental smoking (Chapter 5) using two separate samples 
of young and middle to late adolescents. In gene-environmental studies, replication 
would illustrate the robustness of these findings. In Chapter 6, we examined the interaction 
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of the dopaminergic system and smoking-specific parenting. To consider the development 
of adolescent smoking (Mayhew et al., 2000) and parenting over time (de Leeuw et al., 
2008), longitudinal data analyses (i.e., development over time and bi-directional relations) 
were employed. The results might be of interest for the development of universal or 
selective programs aimed at the prevention of smoking initiation. Selective prevention 
programs target subgroups of the general population that are more at risk for smoking, 
like genetically vulnerable children, while universal programs target the general population.
Smoking prevention
In the last part of this introduction, we discuss the efforts to prevent or reduce youth 
smoking. Various universal prevention strategies have been proposed to prevent youth 
from smoking uptake. These strategies can be divided into government regulations (i.e., 
tobacco tax and price increase, health warning messages on tobacco products, smoke-free 
environments in public places) and intervention strategies (e.g., community interventions, 
mass-media campaigns, school-based educational programs, and family-based programs) 
(Lantz et al., 2000). Focusing on intervention strategies, community interventions and 
mass-media campaigns have shown some evidence supporting the prevention of 
smoking uptake in youths, although the evidence is not very strong (e.g., Brinn, Carson, 
Esterman, Chang, & Smith, 2011; Carson et al., 2011; Wakefield, Loken, & Hornik, 2010). 
Furthermore, school prevention programs for smoking generally have not generated the 
expected results. Most programs show positive effects in the short-term (e.g., Dobbins, 
DeCorby, Manske, & Goldblatt, 2008; Skara & Sussman, 2003) but inconsistent evidence is 
found for the long term effects (e.g., Flay 2009a; Flay, 2009b; Thomas & Perera, 2006; Wiehe, 
Garrison, Christakis, Ebel, & Rivara, 2005). Most review studies found little or no evidence of 
the long-term effectiveness (Thomas & Perera, 2006; Wiehe et al., 2005) while Flay (2009a) 
concluded that school based programs can have long-term effects but only under specific 
circumstances, like the amount of sessions and the type of delivery method. 
 Another explanation for the limited effects of school programs could be that most of 
these programs concentrated on secondary school aged children. Previous research 
showed that the transition from primary to secondary school (in the Netherlands children 
transfer at age 12) is a period in which students are very vulnerable to factors that lead to 
smoking (Côté, Godin, & Gagné, 2004). An effective prevention strategy could be target 
primary school aged children who did not develop the intention to start smoking yet. 
Another explanation for the limited effects of school programs could be that these 
programs generally disregard the role of parents in preventing their youth from smoking 
initiation. It is crucial to involve parents in smoking prevention because parents are the 
primary socialization agents of children. Parents educate their children regarding smoking 
behavior and act as role models (e.g., Engels, 2000).
 Different family-based programs have been tested (Petrie, Bunn, & Byrne, 2007; 
Thomas, Baker, & Lorenzetti, 2007). Thomas and colleagues (2007) compared in their 
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review the effectiveness of 22 different family-based interventions, e.g., Family Matters 
intervention (Bauman et al., 2001b) and the Iowa Strengthening Family Program (Spoth, 
Redmond, & Shin, 2001) but no firm conclusions could be drawn because of the various 
quality levels of the executed randomized controlled trial (RCT’s). Therefore, more well- 
designed and achieved research is needed based on prior successful designs of intervention 
programs (Thomas et al., 2007). An effective family-based prevention program with low 
risk of bias was the ‘Smoke-free Kids’ program (Jackson & Dickinson, 2003; 2006).
The Smoke-free Kids prevention program
Jackson and Dickinson developed the Smoke-free Kids program in the U.S. (2003; 2006). It is 
a home-based smoking intervention program for elementary school-aged children of 
smoking parents. Particulary, Smoke-free Kids is an anti-smoking socialization program 
designed to assist parents in preventing their children from smoking (Jackson & Dickinson, 
2003). The program can be conducted from home, which means that mothers and children 
can go through these activities in their own time. The program consists of printed activity 
modules and focus on the increase of parental skills and the comfort level in communicating 
with children about smoking, addiction, and expectations regarding abstinence (Figure 2). 
These modules include assignments designed to gradually increase parental skills and 
comfort level in communicating with children about smoking, addiction, and expectations 
regarding abstinence. For the mothers, all five activity modules include a communication 
sheet. These sheets provide additional background information and communication tips for 
mothers. After 12 months, a booster module was delivered. The control condition received 
a fact-based program. On the short-term (3 months after intervention), the results of the U.S. 
Smoke-free Kids program showed higher levels of anti-smoking socialization in nearly all 
categories. After 24 months, they found that the program had effect on attributes that 
reduced susceptibility to smoking (Jackson & Dickinson, 2003). After 36 months, effects on 
children’s smoking behavior of smoking parents were found: 12% of children in the 
intervention condition tried smoking compared to 19% in the control condition (OR = 2.16, 
95% CI = 1.39-3.37, p < .001) (Jackson & Dickinson, 2006). In a separate trial for children of 
non-smoking parents no program effects were found (Jackson & Dickinson, 2011).
 As part of this thesis, we tested the Smoke-free Kids program in the Netherlands using a 
Randomized Controlled Trial (Chapter 7, 8, 9, 10). Compared to the U.S., we adapted and 
modernized the program for the Dutch situation, and we have tested the program on 
smoking and non-smoking mothers and their children aged 9-11 years old.
Datasets
In this thesis three longitudinal datasets were used to focus on smoking initiation. 
Participants in the studies were followed from childhood to adolescence and from the 
beginning to late adolescence. Characteristics of the studies included in the current thesis 
are presented in Table 1.
19
1GENERAL INTRODUCTION 
Figure 2   Smoke-free Kids Intervention program
Table 1   Smoke-free Kids Intervention program
Study 1 2 3
Study type Cohort Cohort Randomized  
Controlled Trial 
Project name Family and Health 
Study (Harakeh  
et al., 2005)
- Smoke-free Kids  
(Hiemstra et al., 2009)
Design Longitudinal Longitudinal Longitudinal
Data collection 
(waves)
5 5 5
Months of follow-up 12, 24, 36, 48  4, 8, 12, 16 6, 12, 24, 36
Method Home visits or 
paper-and-pencil 
questionnaires 
mailed by post
Online or paper-
and-pencil 
questionnaire at 
school
Telephone surveys at 
home or paper-and-
pencil questionnaires 
mailed by post
Participants Adolescents aged 
13 to 15 and/or 14 
to 17 at baseline
Adolescents aged 
11 to 15 at baseline
Mothers and children 
aged 9 to 11 at baseline
Sample size 428 (full-family) 1,399 1,478
Chapter 3, 4, 5, 6 5 2 (cross-sectional),  
7, 8, 9, 10
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Overview of this thesis
Part I Predictors of smoking onset
In the first part of this thesis, we take a closer look at different predictors of smoking onset. 
We focused on individual and environmental factors, like smoking-related cognitions (i.e., 
refusal self-efficacy, attitude, and social norm), smoking-specific parenting (i.e., frequency 
and quality of communication), and environmental smoking (i.e., parental, sibling and 
friends smoking). In Chapter 2, we described whether parental factors are associated with 
child’s smoking onset directly or indirectly through smoking-related cognitions. The 
Theory of Planned Behavior (TPB) was extended with parental factors as distal factors in 
the model, examining whether maternal smoking-specific communication and parental 
smoking could be added to the TPB to predict smoking behavior of children during 
preadolescence.
 Chapters 3 and 4 investigated the role of refusal self-efficacy in adolescent smoking 
behavior. In Chapter 3, we review a longitudinal study that we conducted to investigate 
whether refusal self-efficacy changes over time and whether self-efficacy predicts 
adolescent smoking behavior. We controlled for the most important environmental 
predictors, i.e., parental, sibling, and friend’s smoking. In Chapter 4 we explored the timing 
of smoking onset during mid- and late adolescence and we looked at the influence of 
time-varying effects (i.e., effects changing over time) of refusal self-efficacy, parental, 
sibling, and friends smoking, and smoking-specific communication. Besides, we examined 
how environmental smoking and smoking-specific parenting might alter the relation 
between self-efficacy and adolescent smoking onset.
Part II Gene-environment interactions and smoking onset
The second part of this thesis focuses on the role of gene-environment interactions in 
explaining adolescent smoking initiation. In both chapters we have looked at the interplay 
between environmental factors and the dopaminergic system. Using longitudinal 
datasets, we concentrated on polymorphisms in three candidate genes, the dopamine 
receptors D2 (DRD2) and D4 (DRD4) and the dopamine transporter (DAT1). Longitudinal 
datasets were used.
 Chapter 5 tested the interplay between environmental smoking (i.e., parental, sibling, 
and (best) friend(s) smoking) and the dopaminergic system. To test this, we used two 
independent samples: early adolescents and middle to late adolescents. In Chapter 6, we 
examined the role of gene-parenting interactions on adolescent smoking during middle 
to late adolescence. The interactions between smoking-specific parenting (i.e., frequency 
of communication, quality of communication, and house rules) and genes from the 
dopaminergic system were tested using different advanced longitudinal techniques (i.e., 
logistic regression analyses, (dual) latent growth curves and cross-lagged path models). 
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Part III Prevention of smoking onset
In the last part of this thesis, we address the design, study methodology, and effectiveness 
of the Smoke-free Kids prevention program. Chapter 7 describes the design, protocols and 
procedures of the RCT that evaluated the effectiveness of Smoke-free Kids prevention 
program. Chapter 8 reports the short-term effectiveness of the Smoke-free Kids program 
directly after finishing the program as well as the effects of the program on smoking-re-
lated cognitions and smoking-specific parenting practices. In Chapter 9, we described the 
long-term effectiveness of the prevention program on smoking onset. This chapter 
extends to Chapter 10 that describes the long-term effects on secondary outcome smok-
ing-related cognitions. 
 Chapter 11 provides a summary as well as general discussion of the main findings 
from this thesis. It also addresses the limitations and implications for practice and future 
research.
Methodology
In this section, we shortly introduce the statistical techniques that were used to address 
the above raised issues.
Structural Equation Modeling
In this thesis, we used different types of Structural Equation Modeling (SEM): path analyses 
and cross-lagged modeling. Path analyses uses only observed variables, while SEM also 
allows for the inclusion of latent constructs. Path analyses, an extension of multiple 
regression analyses, were used to observe multiple dependent variables at one time. 
These analyses provide information about whether parental factors influence child’s 
smoking onset directly or indirectly through smoking-related cognitions (Chapter 2).
 Cross-lagged modeling was used to examine the bi-directional associations between 
smoking-specific parenting and adolescent smoking behavior while controlling for the 
effects observed at earlier time points (Byrne, 1998; Finkel, 1995). These models provide 
insights into whether smoking-specific parenting relates to adolescent smoking behavior 
over time and whether this is different for genetically vulnerable and non-vulnerable 
groups (Chapter 6).
Latent Growth Curves
Latent growth curve modeling was used (Willet & Sayer, 1994) to study normative 
development patterns of behavior. Latent growth curves estimate growth based on 
repeated measures of an observed variable. Significant variance in the growth curve 
parameters (i.e., intercept and slope) indicates that individual growth patterns deviate 
from the average growth patterns. The intercept represents the initial starting point at 
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baseline and the slope indicates the rate of change from baseline across time (Muthén & 
Muthén, 1998-2007). This method was used to examine the change of self-efficacy over 
time (Chapter 3) and to examine whether changes in smoking-specific parenting related to 
smoking behavior, lead to different outcomes for genetic vulnerable and non-vulnerable 
groups (Chapter 6). In addition, this method was used to examine changes  in cognitions 
over time of the Smoke-free Kids program (Chapter 10).
Survival analyses
One way to look at the timing of smoking onset (Chapter 4) is by using survival analyses 
(Willet & Singer, 1991; Willet & Singer, 1993). Survival analyses provide a more accurate 
insight into whether adolescents start smoking and when (e.g., Willet & Singer, 1991; Willet 
& Singer, 1993). Specifically, we used discrete-time survival analyses because the data were 
gathered at specific time points and not continuously over time. Survival analyses have 
some advantages compared to traditional methods. They consider that some individuals 
have not (yet) experienced the event before the end of the measurement period, the 
so-called “censored cases”. In addition, survival analyses allow the researchers to examine 
the effect of time-varying predictors, the values of which fluctuate over time (Willet & 
Singer, 1991).
Intention-to-treat analyses
Finally, to test the effectiveness of the Smoke-free Kids prevention program (Chapters 8 
and 9) intention-to-treat analyses consistent with the CONSORT Statement (i.e., an 
evidence-based, minimum set of recommendations for reporting RCT’s) were used and 
reported (Moher et al., 2010). Intention-to-treat analyses require analyzing all participants 
within the condition to which they were randomized. Therefore, missing data needed to 
be imputed using multiple imputation strategies (e.g., Donders, van der Heijden, Stijnend, 
& Moonsc, 2006).
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Abstract
The aim of this study was to test whether maternal smoking-specific communication and 
parental smoking related to smoking cognitions (i.e., attitude, self-efficacy, social norm) 
derived from the Theory of Planned Behavior in association with smoking onset during 
preadolescence. A total of 1,478 pairs of mothers and children participated (mean age: 
10.11; SD = .78). Structural equation models in Mplus were used to examine whether smok-
ing-specific communication influences children’s smoking cognitions, which in turn, 
affect smoking onset. Results showed a positive association between pro-smoking 
attitudes and smoking onset. Smoking-specific communication and parental smoking 
were related to smoking cognitions. Specifically, frequency of communication was 
negatively associated with pro-smoking attitudes, social norms of mother and best friend. 
Quality of communication related negatively to pro-smoking attitudes and positively to 
self-efficacy and norms of friends. Parental smoking was positively associated with 
pro-smoking attitudes and norms of mother and (best) friends. Additionally, more 
frequent communication and higher levels of parental smoking were associated with 
higher smoking onset. In conclusion, smoking-specific communication and parental 
smoking were associated with smoking cognitions and smoking onset. Already during 
preadolescence, parents contribute to shaping the smoking cognitions of their children, 
which may be predictive of smoking later in life.
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Introduction
Youngsters who first try smoking at the age of 12 are referred to as early initiators (Jackson 
& Dickinson, 2006). In 2010, the prevalence estimates indicated that 4% of the 10 years-old 
children in the Netherlands had already tried smoking. These estimates increased to 9% 
for 11-year old children, 12% for 12-year old children, and up to 44% for 14-year old children 
(Stivoro, 2010). These rates are similar to those in the UK (National Centre for Social Research, 
2010) and the US (Morbidity & Mortality Week Report, 2010). It is important to prevent 
children from smoking because early smoking is a strong predictor of developing a 
long-enduring smoking habit (e.g., Chassin, Clark, Pitts, & Sherman, 2000). Several studies 
indicated that nicotine dependence occurs after very little exposure to smoking and 
develops rapidly after onset (e.g., DiFranza et al., 2000). Specifically, early initiators are most 
likely to smoke as adults (Chassin et al., 2000), and less likely to try to quit smoking (Chassin, 
Presson, Sherman, & Edwards, 1990; Ershler, Leventhal, Flemming, & Glynn, 1989) and to be 
successful in quitting (Ershler et al., 1989). To prevent this, precursors of the pre-phase and 
first phase of smoking onset need to be examined more closely.
 From previous research, we know that the process that ultimately leads to smoking 
begins with the development of smoking cognitions, such as attitudes and beliefs about 
smoking, years before the actual behavior occurs (e.g., Leventhal & Cleary, 1980), and it 
runs through a series of developmental phases (Mayhew, Flay, & Mott, 2000). The first 
phase of smoking starts as soon as children recognize smoking as a discrete behavior and 
internalize beliefs and norms regarding smoking behavior. These fundamental 
psychological processes emerge in early childhood (Jackson, 1998). For instance, different 
studies have shown that young children from smoking families have more positive 
attitudes towards smoking compared to children from non-smoking families (Dalton et al., 
2005; de Leeuw, Engels, & Scholte, 2010a), which may be indicative of the underlying 
developmental process. Hardly any studies focused on the period just prior to the most 
important phase of smoking onset, a period during which smoking cognitions are 
developed. Since cognitions change over time, we expect that cognitions of children 
differ from cognitions of adolescents (e.g., Hiemstra Otten, de Leeuw, van Schayck, & 
Engels, 2011). The development of cognitions is contingent on the immediate social 
environment and media factors (such as smoking in movies; Sargent, 2005) and on the 
individual social and biological factors that children encounter once they hit puberty 
(Finkenauer, Engels, Meeus, & Oosterwegel, 2002). Parents and friends both play a different 
role during childhood and adolescence (e.g., Vitaro, Wanner, Brendgen, Gosselin, 
Gendreau, 2004). During childhood, parents are the most important role models 
(Schneider & Vanmastrigt, 1974). During adolescence, parents still affect the behavior of 
their child while the influence of friends increases. For example, children from smoking 
families have more positive attitudes towards smoking compared to children from non- 
smoking families (Dalton et al., 2005; De Leeuw et al., 2010a). During adolescence, peer 
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attitudes influence children’s attitudes (Smet, Maes, De Clercq, Haryanti, & Djati Winarno, 
1999). Therefore, children and adolescents are expected to differ in their expressions of 
cognitions. In the present study, we will concentrate on cognitions of 9-11 years old 
children. Specifically, we will focus on the associations between smoking cognitions, 
derived from the Theory of Planned Behavior (TPB) (Ajzen, 1991), and smoking onset1.
 The TPB is designed to predict and interpret human behavior in specific situations. 
With respect to smoking, the TPB posits that smoking cognitions (i.e., attitudes, self-efficacy, 
and social norms) predict the intention to start smoking. In turn, intention to start smoking 
predicts actual smoking onset. Expectations about possible consequences of smoking 
lead to positive or negative attitudes towards smoking, beliefs about the normative 
smoking beliefs of important others lead to social norms, and beliefs about the presence 
of factors that may facilitate or prevent smoking lead to refusal self-efficacy of smoking. 
Several studies have found support for the predictive value of the TPB with respect to 
adolescent smoking behavior (e.g., Guo et al., 2007; Harakeh, Scholte, Vermulst, & Engels, 
2004; Mercken, Candel, van Osch, & de Vries, 2011; Otten, Harakeh, Vermulst, van den 
Eijnden, & Engels, 2007; Petraitis, Flay, & Miller, 1995; Smith, Bean, Mitchell, Speizer, & Fries, 
2007; Topa & Moriano, 2010; van de Ven, van den Eijnden, & Engels, 2006). However, very 
little is known about the effectiveness of cognitions in predicting smoking behavior in 
younger children. To our knowledge, previous studies have not investigated the 
effectiveness of TPB and smoking in 10-year-old children or younger. However, previous 
adolescent research showed a strong link between cognitions and smoking behavior; 
therefore, we expected an association between cognitions and smoking behavior also in 
children.
  Given the idea that cognitions are formed by more distal factors, Petraitis et al. (1995) 
postulated that it is important to gain more insight into distal factors that precede these 
smoking cognitions. Distal effects are likely to operate through proximal cognitions. For 
instance, previous studies found support for the idea that distal parenting factors affect 
adolescent smoking indirectly through smoking-specific cognitions (i.e., Harakeh et al., 
2004; Otten et al., 2007).
 Recent studies have focused on parents’ anti-smoking socialization (e.g., Chassin et 
al., 2005; Harakeh, Scholte, de Vries, & Engels, 2005; Jackson & Henriksen, 1997). One aspect 
of anti-smoking socialization is the communication about smoking-related topics. 
Communication may affect children’s opinion about smoking and personal strengths to 
resist smoking, which in turn relate to smoking onset (Chassin, Presson, Todd, Rose, & 
Sherman, 1998). The effectiveness of discussing smoking topics seems to depend on the 
frequency and quality of the parent–child communication. Previous research found 
1  Intention to smoke was not included in the model because intention to smoke was very skewed, with 
only few children with an intention to smoke (i.e., 2.2% had intention to start smoking versus 97.8% had 
no intention).
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support for positive (e.g., Chassin et al., 1998; Clark, Scarisbrick, Hauser, Gautam, & Wirk, 
1999; Jackson, 1997; Jackson & Henriksen, 1997) as well as negative (e.g., den Exter Blokland, 
Hale III, Meeus, & Engels, 2006; Ennett, Bauman, Foshee, Pemberton, & Hicks, 2001; Harakeh 
et al., 2005) associations between frequency of communication and adolescent smoking. 
These contradictory findings for frequency of communication are likely to be a result of 
parents reacting to child smoking, as parents are likely to start talking about smoking 
more often if they find out that their child tried to smoke (de Leeuw, Scholte, Vermulst, & 
Engels, 2010b; Hiemstra, Otten, & Engels, 2012). Higher quality of communication was 
associated with lower odds of adolescent smoking (e.g., Chassin et al., 2005; de Leeuw et 
al., 2010b; Harakeh et al., 2005; Otten et al., 2007).
 Frequency and quality of communication might be antecedents of the proximal 
factors of the TPB, thereby affecting adolescent smoking indirectly. Previous research 
found that higher frequency of communication was related to lower self-efficacy to resist 
smoking (Engels & Willemsen, 2004; Huver, Engels, & de Vries, 2006; Otten et al., 2007), 
lower pro-smoking attitudes (Huver, Engels, Vermulst, & de Vries, 2007), but also to higher 
pro-smoking attitudes (Huver et al., 2006; Otten et al., 2007) and lower perceived social 
norms of parents (Otten et al., 2007). Higher quality of communication was related to 
higher self-efficacy, lower pro-smoking attitudes, and lower perceived social norms of 
friends (Otten et al., 2007). 
 Besides parenting, parental own smoking seems to be associated with adolescent 
smoking onset (e.g., Leonardi-Bee, Jere, & Britton, 2011). Parental smoking affects the 
likelihood that children will start smoking and, over time, develop regular smoking habits 
(e.g., Gilman et al., 2009; Mayhew et al., 2000). This could be explained by children modeling 
parental behaviors (Bandura, 1977), norm setting of parents (e.g., von Bothmer, Mattsson, 
& Fridlund, 2002), and intergenerational genetic transmission (e.g., Brody et al., 2006). In 
addition to the direct effect of parental smoking on children’s smoking, parental smoking 
might influence children’s smoking indirectly through smoking cognitions. Otten et al. 
(2007) showed a positive relation between parental smoking and perceived social norms 
of parents, as perceived by adolescents. Moreover, Harakeh et al. (2004) found that 
adolescents with parents who smoke were more likely to develop pro-smoking attitudes.
The present study
The aim of this study was to test whether distal smoking-specific maternal communication 
(i.e., frequency and quality of communication) and parental smoking is important in 
shaping children’s smoking cognitions, which in turn relate to smoking (see Figure 1) in a 
sample of 1,478 children and their mothers. We expected that the associations found in 
previous adolescent literature would also apply to preadolescents. Specifically, we 
expected that 1) pro-smoking cognitions (i.e., attitude, self-efficacy, and social norm) 
relate to child’s smoking onset, and 2) smoking specific communication relates indirectly 
to smoking onset through smoking cognitions. For parental smoking, we expected that 3) 
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parental smoking would relate to child’s smoking onset directly as well as indirectly via 
pro-smoking cognitions. We tested for differential effects between child and mother on 
the frequency and quality of communication. Previous research found differences 
between mother and child report on anti-smoking socialization (De Leeuw et al., 2010b; 
Harakeh et al., 2005; Mahabee-Gittens, Ding, Gordon, & Huang, 2010). Mothers reported 
higher levels of both frequency and quality of communication, as compared to their 
children (Harakeh et al., 2005). Parents are more likely to overestimate their parenting skills 
to conform to the norms of being a good parent (De Leeuw et al., 2010b). Hence, it is 
important to know how parenting practices are perceived by children themselves.
Methods
Procedure
Baseline data were used of a randomized controlled trial evaluating a Dutch home-based 
smoking prevention program (adapted and developed from US version, see Jackson & 
Dickinson, 2006) in the Netherlands (for more information, see Hiemstra et al., 2009). 
Baseline data were collected before randomization. Families were recruited from primary 
schools, media, and health professionals. Specifically, primary school boards were asked to 
distribute letters to all children aged 9-11 years old and to request that children give this 
letter to their parents. Participation was possible by returning the recruitment letter or 
registering online via a secured webpage. The families had to fit the following criteria to 
participate: children had to be between 9 and 11 of age, participating adults had to be the 
mother or a female guardian; and both adult and child needed to be competent in reading 
and speaking Dutch. Only one child per household was eligible to participate. A total of 
1,478 mothers and children were selected. Each family received €10 for participation in all 
measurements and five traveler’s checks of €1000 were raffled among these families. 
 Baseline assessments (T1) took place between December 2008 and June 2009. 
Families were contacted by phone by trained interviewers (61.2%) or they received written 
questionnaires by mail (38.8%). Trained Master students from the Radboud University at 
Nijmegen administered the telephone interviews with the mothers and their children. 
Mothers were interviewed first to check the eligibility of the family. Children were 
interviewed several days later. Prior to the interview, we made sure that mothers and the 
children could speak freely in order to assure privacy. To protect children against parent 
who –against our instructions- listened to their child during the telephone interview, we 
used closed-ended questions. Questionnaires were sent via mail and returned in two 
separate enclosed envelopes, allowing children to return their own questionnaire without 
their mother reading their answers. Children that participated in phone interviews were 
somewhat different on some variables compared to children that received the 
questionnaires. Therefore, in the analysis, we have corrected for data collection method.
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Sample characteristics
Most families were of Dutch origin (98.2%). Children’s mean age was 10.11 years (SD = .78; 
range 8-12 years) with 47.8% being boys. With regard to parents’ educational levels, 0.9% 
of the mothers and 1.3% of the fathers had attended primary school only; 20.5% of the 
mothers and 13.6% of the fathers finished secondary school; 41.2% of the mothers and 
45.6% of the fathers finished technical and vocational training; 28.8% of the mothers and 
25.6% of the fathers finished college; 8.6% of the mothers and 13.9% of the fathers finished 
university.
Measures
 Child smoking. Child smoking was assessed by asking them which stage of smoking 
applied to them (de Vries, Engels, Kremers, Wetzels, & Mudde, 2003; Harakeh et al., 2005) 
measured on a nine-point scale ranging from 1 = ‘Never smoked, not even a puff’ to 9 = ‘I 
smoked at least once a day’. To focus on experimenting with smoking among children, 
responses were recoded into ‘0 = never smoked’ (i.e., not even a puff) and ‘1 = smoked 
once or more’ (e.g., Harakeh et al., 2005; Jackson & Henriksen, 1997). Self-report data about 
child smoking are generally reliable (e.g., Henriksen & Jackson, 1999).
 Parental smoking. To assess mother smoking, a similar procedure as for the children was 
used. One of the nine items was not suitable for parents to answer (i.e., ‘I try smoking once in a 
while’) and was therefore omitted. Mothers reported about father smoking using the same 
scale. Both parents were classified into two groups on basis of their lifetime smoking status: 
nonsmoker or smoker. By combining responses on smoking status of both parents, we 
constructed three categories (1 = ‘both parents are nonsmokers’, 2 = ‘one parent is a smoker’, 
3 = ‘both parents are smokers’ (e.g., Otten, Engels, & van den Eijnden, 2008).
 Attitude. Positive and negative attitudes towards smoking were assessed with seven 
items based on Harakeh and colleagues (2004) measured on a three-point scale. Children 
were asked what they think about daily smoking using the text: ‘I think that daily smoking 
is . . .’ Children responded either with negative attitudes, positive attitudes, or neutral 
attitudes. Negative attitudes were ‘unpleasant’ ‘harmful’, ‘useless’, ‘boring’, ‘dangerous’, 
‘unhealthy’, ‘bad’, and positive attitudes were ‘pleasant’, ‘harmless’, ‘useful’, ‘exciting’, ‘not 
dangerous’, ‘healthy’, and ‘good’(Harakeh et al., 2004). This scale is frequently used in 
studies involving (early) adolescents (ter Doest, Dijkstra, Gebhardt, & Vitale, 2009; van de 
Ven, et al., 2006; van Zundert, Engels, & van den Eijnden, 2006). Because of skewed data, 
the Omega (McDonald, 1999) was calculated instead of the Cronbach’s alpha. Omega was 
.79, with a higher score indicating a pro-smoking attitude.
 Refusal self-efficacy. Self-efficacy was measured with six items on a six-point scale 
ranging from 1 = ‘very difficult’ to 6 = ‘very easy’, e.g., ‘For me it is difficult /easy to stay a 
non-smoker’, ‘Imagine: When I am offered a cigarette, I find it difficult/easy to refuse’. 
These items are based on previous research of adolescents (de Vries, Dijkstra, & Kuhlman, 
1988; de Vries, Backbier, Kok, & Dijkstra, 1995; Engels, Knibbe, De Vries, & Drop, 1998; Engels, 
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Knibbe, & Drop, 1999). We simplified them by asking children to imagine the presented 
smoking-related situations. Omega was .79, with a higher score indicating higher efficacy 
to refuse a cigarette”.
 Social norm. The perceived social norm with respect to smoking was measured by 
assessing children’s perceptions of the approval of mother and (best) friends’ smoking 
behavior (De Vries et al., 1995; Harakeh et al., 2004; Otten et al., 2007) using 3 items, “Do you 
think your friends/ your best friend/ your mother would approve when you smoke (or 
would smoke)”. The responses were measured on a four-point scale ranging from 1 = 
‘definitely not’ to 4 = ‘definitely’. Social norms were measured in young children previously 
(Andrews, Hampson, & Barckley, 2008; Hampson, Andrews, & Barckley, 2007). 
 Frequency of smoking-specific communication reported by child and mother. Frequency 
of communication was assessed by averaging the scores of seven items referring to how 
often in the past 12 months parents and their child talked about smoking related issues 
(e.g., ‘During the last 12 months, how many times did you/ your mother talk to you about 
how to resist peer pressure to use tobacco?’) measured on a 3-point scale ranging from 1 
= ‘never’ to 3 = ‘often’ (Ennett et al., 2001; see for an adapted Dutch version: Harakeh et al., 
2005). Omega was .86 (child report about mother) and .81 (mother report about child), 
with higher number indicating a more frequent communication.
 Quality of smoking-specific communication reported by child and mother. Quality of 
communication was assessed with six items. The items of this scale reflect a constructive 
and respectful way of communicating about smoking-related issues (e.g., ‘Me/ My mother 
and my child/ I are able to talk easily about our opinions concerning smoking’). Mothers 
and children were asked to report on a three-point scale which answer applied for them, 
with responses ranging from 1 = ‘not true’ to 3 = ‘true’ (Harakeh et al., 2005). Omega was 
.78 for children reporting about their mother and .88 for mothers reporting about their 
child, with higher numbers indicating a better quality of communication.
Statistical analyses
Descriptive statistics were calculated to provide information about the distribution of 
smoking in the sample. To examine whether frequency and quality of communication 
(reported by mother and child) were indirectly related to child smoking through smoking 
cognitions, structural equation models (SEM) were tested with Mplus (Muthén & Muthén, 
2001), as depicted in Figure 1. Mplus allows the use of both continuous and categorical 
variables as independent and dependent variables. In our model, we had a mixture of 
both types of variables. The smoking onset variable was categorical (binary) while the 
other variables were continuous. As a special case of SEM, path analysis with a categorical 
dependent variable was used (Muthén & Muthén, 2001). With Mplus, the correlation matrix 
of these variables and parameters in the model was estimated according to the weighted 
least square method with adjusted mean- and variance chi-square statistics (WLSMV 
estimator). Two separate models for communication reported by the child and mother 
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were analyzed and these models were corrected for data-collection method (phone vs. 
questionnaire). The fit of both models was assessed using the following fit indices: χ2, 
Comparative Fit Index (CFI) (with a cut-off value of .95) and Root Mean Square Error of 
Approximation (RMSEA) (with a cut-off value of .06) (Hu & Bentler, 1999; Kaplan, 2000).
Results
Descriptive statistics
Of the 1,478 children, 1,398 (94.6%) children reported that they had never tried a cigarette 
while 80 (5.4%) children had tried smoking. Regarding parental smoking, 906 (62.2%) 
children had two non-smoking parents, 362 (25.0%) had one parent who smoked, and 179 
(12.4%) had two parents who smoked. Children of smoking parents were more likely to try 
smoking compared to children of non-smoking parents (p < .001). Specifically, 3.0% of 
children in families with two non-smoking parents tried smoking once or more, 7.5% of 
children from families with one smoking parent, and 11.7% of children in families where 
both parents tried smoking.
 Means and standard deviations among model variables can be found in Table 1. The 
results revealed average levels of frequency of communication (i.e., between 1.6 and 1.8 
on a 3-point scale), and high quality of communication (i.e., between 2.6 and 2.8 on a 
3-point scale) for both mother and child report. Children reported greater frequency of 
communication compared to the reports of their mothers (t (1400) = -16.22, p < .001), but 
mothers scored significantly higher on quality of communication compared to their 
children (t (1454) = 13.68, p < .001). Pro-smoking attitudes were low (1.1 on a 3-point scale), 
and self-efficacy was high (4.7 on a 6-point scale). Social norms of mother (1.3 on a 4-point 
scale) were lower compared to social norms of (best) friends (1.7 - 1.8 on a 4 point scale).
Correlations
Pearson correlations (Table 1) showed that smoking onset was positively associated with 
frequency of communication reported by the mother, parental smoking, pro-smoking 
attitudes, social norms of friends and best friend and negatively to quality of communication 
reported by the child. 
 Frequency of communication reported by the child was positively associated with 
frequency of communication reported by the mother, quality of communication reported 
by the child, parental smoking, self-efficacy, and negatively with pro-smoking attitudes, 
norms of both mother and best friend. Frequency of communication reported by the 
mother was positively related to quality of communication reported by the child and by 
the mother, parental smoking, and smoking onset. 
 Quality of communication reported by the child was positively related to quality of 
communication reported by the mother and self-efficacy and negatively related to parental 
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smoking, pro-smoking attitudes, and social norms of both mother and best friend. Quality 
of communication reported by the mother was negatively associated with parental 
smoking.
 Parental smoking was positively associated with frequency of communication 
reported by the child and mother, pro-smoking attitudes, social norms of mother, friends, 
and best friend, and smoking onset and negatively related to quality of communication 
reported by child and mother.
Model with communication reported by child 
The model depicted in Figure 1 shows a good fit to the data [χ2 (df = 45, n = 1478) = 
2065.55, CFI = 1.00, RMSEA = 0.00]. Figure 2 shows the model for child smoking with all 
significant paths. No significant associations between self-efficacy, social norm and child 
smoking were found. Pro-smoking attitudes were marginally positively related to child 
smoking (p < .06). A high frequency of communication was negatively related to 
pro-smoking attitudes, social norms of mother, and social norms of best friend. Higher 
quality of communication was negatively associated with pro-smoking attitudes and 
positively with self-efficacy and marginally negatively associated with norms of best 
friend. Parental smoking was positively related to pro-smoking attitudes, and social norms 
of mother, friends, and best friend. Parental smoking was positively related to child 
smoking and frequency of communication was marginally positively related to child 
smoking.
Model with communication reported by mother
The model fit was satisfactory [χ2 (df = 45, n =1478) = 1902.82, CFI = 1.00, RMSEA = 0.00]. 
Figure 3 shows the model for child smoking with all significant paths. In general, the most 
paths in this model were similar to those found in the child-reported model. Pro-smoking 
attitudes were positively related to child smoking, but no associations between 
self-efficacy, social norms and child smoking were found. 
 Higher frequency of communication was negatively related to social norms of mother 
and a high quality of communication was positively related to social norms of friends. 
Parental smoking was positively related to pro-smoking attitudes, and social norms of 
mother, friends, and best friend. Frequency of communication and parental smoking were 
positively related to child’s onset to smoke. Children who often talked with their parents 
about smoking and children who have parents who smoke were more likely to engage in 
smoking.
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Discussion
The present study aimed to test whether maternal smoking-specific communication (i.e., 
frequency and quality of communication) and parental smoking function as antecedents 
of smoking cognitions (i.e., attitude, self-efficacy, and social norm) of the Theory of 
Planned Behavior (TPB) (Ajzen, 1991) and smoking in a large sample of 9-11 year olds. In 
this preadolescent sample, we found that pro-smoking attitudes were associated with 
higher smoking onset. In addition, we found that distal factors, such as frequency and 
quality of communication and parental smoking, were related to the smoking cognitions 
derived from the TPB. More frequent communication about smoking was related to lower 
pro-smoking attitudes and social norms. Higher quality of communication was related to 
lower pro-smoking attitudes and higher self-efficacy, higher social norms. Parental 
smoking was related to higher pro-smoking attitudes, and higher social norms. Moreover, 
parental smoking and higher frequency of communication were related directly to more 
child smoking. 
 Regarding the proximal factors in the conceptual model, we only found an association 
between pro-smoking attitudes and smoking onset. Previous studies showed that 
smoking onset was related to positive smoking attitudes, but also to self-efficacy and 
social norms (e.g., De Vries et al., 1988; Engels et al., 1999; Hanson, 1997; Harakeh et al., 2004; 
Otten et al., 2007). However, these studies concentrated on samples consisting of mid- 
and late adolescents. In our cross-sectional study, with younger children, we only found a 
small association between pro-smoking attitudes and smoking. It is likely that for the small 
group that did report some experience with smoking (i.e., 5.4%), the effects of parental 
smoking, frequency of communication and pro-smoking attitudes cancelled out the 
effects between social norms of friends, and best friend and smoking onset. This idea was 
supported by the significant bivariate correlations between social norms of friends and 
best friend, and smoking onset. Hence, it might be that the effects of social norms of 
friends and best friend were too small to remain significant in the multivariate regression 
analysis. Another explanation for the limited associations could be that at this age smoking 
initiation is more unreasoned or unplanned, therefore the predictability of adolescent 
smoking using explicit cognitive concepts may be limited (Kremers, Mudde, & de Vries, 
2004).
 In the present research, we tested the influence of smoking cognitions on smoking 
onset. Other factors that might directly relate to smoking onset that were not included in 
the conceptual model may be genetic influences (e.g., children of smokers are more likely 
to be exposed to smoking, have easier access to cigarettes, and are therefore more familiar 
with smoking) (Munafò & Johnstone, 2008), problem behavior (e.g., ADHD) (e.g., Milberger, 
Biederman, Faraone, Chen, & Jones, 1997), personality (high extraversion and low on con-
scientiousness, agreeableness, and emotional stability) (Harakeh, Scholte, de Vries, & 
Engels, 2006; Otten et al., 2008), and implicit cognitions (automatic instead of reflective) 
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(De Leeuw et al., 2010a; Pieters, van der Vorst, Engels, & Wiers, 2010). Further research is 
needed to examine the role of these and related factors in early smoking initiation.
 Regarding the direct effects of more distal factors in the model, parental smoking 
was directly associated with higher likelihood of smoking onset (Leonardi-Bee et al., 2011) 
and indirectly via pro-smoking attitudes. In addition, more frequent levels of 
communication were associated with higher smoking onset (see also Chassin et al., 1998; 
Clark et al., 1999; Jackson, 1997; Jackson & Henriksen, 1997), which might reflect the way 
parents react to their child’s early smoking behavior (Hiemstra et al., 2012; De Leeuw et al., 
2010b). No association was found between quality of communication and smoking onset. 
One explanation may be that parents do not yet talk about smoking in a more 
conversational manner at this age. Specifically, the content of conversations about 
smoking may be limited to warning their children about the detrimental health effects of 
smoking instead of discussing strategies for resisting smoking, for instance. During 
adolescence, the process of communication might change, that is, the frequency of 
communication might increase and the content of the communication about smoking 
might better fit the developmental stage of the child (i.e., quality of communication). 
More research is necessary to get better insight into parent and child communication 
about smoking. Therefore, observational research should be performed (Wakschlag, 
Metzger, Darfler, Ho, Mermelstein, & Rathouz, 2011). Family discussion should be observed 
to gather more information about how and what parents say about smoking as well as 
about who takes initiative in discussing smoking-related issues.
 Since we concentrated on a young group of preadolescent children, we were also 
interested in cognitions as a proxy for actual smoking behavior. Specifically, we looked at 
the extent to which distal factors preceded the more proximal cognitions. Parental 
smoking was associated with higher pro-smoking attitudes (see also Harakeh et al. 2004), 
pro-smoking norms of mothers (see also Otten et al., 2007), and (best) friends. An 
explanation for the association between parental smoking and social norms of mothers 
could be that children do not expect their parents to disapprove behavior that is congruent 
with their own (Jackson & Dickinson, 2003). With respect to friends’ norms, parental 
smoking might affect the extent to which children perceive smoking as a normative 
behavior. In turn, this may affect the way children think about how others perceive their 
own smoking behavior (Otten, Engels, & Prinstein, 2009).
 Frequent communication reported by children was associated with lower 
pro-smoking attitudes, lower social norms of mother, and lower social norms of best 
friend. More frequent communication, as reported by mothers, was associated with lower 
social norms of mothers, which has also been reported in other studies (Huver et al., 2006; 
Huver et al., 2007; Otten et al., 2007). Higher quality of communication reported by children 
was associated with lower pro -smoking attitudes and with higher self-efficacy, which was 
also found by Otten et al. (2007). Higher quality of communication reported by mothers 
was associated with higher prosocial norms of friends. The minor differences in findings 
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between mothers and children may support the assumption that children’s perceptions 
of smoking-specific communication differ from the perceptions of their parents (De 
Leeuw et al, 2010b; Harakeh et al., 2005; Mahabee-Gittens et al., 2010), which could be 
supported by low bivariate correlations between mother and child regarding frequency 
and quality of communication. 
 The present study is innovative in three ways. First, whereas most studies concentrated 
on adolescence, the phase in which most children start smoking, our study focused on 
preadolescence, which allows us to catch a glimpse of the process that takes place prior to 
the onset of smoking. Second, we used a large sample size of 1,478 children, which allowed 
us to test the conceptual model derived from the TPB. Third, we used both mother and 
child reports about smoking specific communication.
 However, some limitations of this study should be acknowledged. First, this study 
was cross-sectional. Smoking develops through various stages, and empirical support 
indicates the existence of different risk factors at different smoking stages (Mayhew et al., 
2000). Longitudinal designs give more insight into the development of smoking and 
associated risk factors in children and allow testing for potential bi-directional relationships 
between smoking-specific parenting and cognitions. Second, children reported about 
their own smoking cognitions and smoking behavior, which introduces the possibility of 
under- or over-reporting because of recall bias or social desirability. However, previous 
research has shown that self-report data on smoking are generally reliable when confi-
dentiality is assured (e.g., Dolcini, Adler, & Ginsberg, 1996). Moreover, the reliability of 
preadolescent children’s self-reports does not differ from adolescents’ reports (Henriksen 
& Jackson, 1999). Third, concerning the assessment of smoking cognitions, it is possible 
that the children reported smoking attitudes that were more negative compared to their 
actual attitudes, as the children were aware of the social desirability of existing societal 
norms. It is possible to overcome this by using implicit measure of attitudes (De Leeuw et 
al., 2010a) and comparing implicit with explicit attitudes (Pieters et al., 2010). For 
self-efficacy, the results should be interpreted with caution. Although self-efficacy 
develops through observation (Bandura, 1992), children of this age may be too young to 
encounter situations in which they need to use potential smoking refusal skills. Therefore, 
it could be difficult to imagine different situations presented in the self-efficacy questions. 
Therefore, in future studies with pre-adolescents, we recommend measuring, in addition 
to self-efficacy skills, also self-regulation as a precursor of self-efficacy (Bandura, 1991) to 
measure the effect of the environment on the behavior of the child.
 Finally, our study did not assess fathers’ parenting behaviors; therefore, it cannot 
provide any information on mother-father differences in communication or the combined 
effect of communication from both parents. Future research might also consider the 
influence of peers on smoking onset. As most studies on peer influence focus on 
pro-smoking socialization, it would be interesting to learn more about the extent to which 
peer communication may have a positive (anti-smoking) effect on children’s attitudes and 
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behaviors towards tobacco use. Besides communication about smoking, other forms of 
anti-smoking socialization, such as house rules, also relate to cognitions (Huver et al., 
2007). In future studies, it would be interesting to test the associations of various aspects 
of anti-smoking socialization with smoking cognitions of the TPB.
 In sum, the current findings suggest that during preadolescence, smoking-specific 
communication of parents and parents’ own smoking behavior contribute to the 
formation of smoking cognitions prior to smoking onset. At this young age, only 
pro-smoking attitudes was associated with smoking onset. However, several studies have 
shown that also self-efficacy and social norm are associated with smoking onset later in 
life (Harakeh et al., 2004; Otten et al., 2007). Present findings suggest that cognitions that 
increase the likelihood of smoking onset in adolescence may already take place years 
before actual smoking onset. Therefore, prevention programs, such as Smoke-free Kids 
(Hiemstra et al., 2009; Jackson & Dickinson, 2006), aimed at families with children in primary 
school are important in stimulating communication about smoking. 
51
2
SMOKING-SPECIFIC COMMUNICATION & COGNITIONS
References 
Ajzen, I. (1991). The Theory of Planned Behavior. Organizational Behavior & Human Decision Processes, 50, 179-211. 
doi:10.1016/0749-5978(91)90020-T
Andrews, J. A., Hampson, S., & Barckley, M. (2008). The Effect of Subjective Normative Social Images of Smokers on 
Children’s Intentions to Smoke. Nicotine & Tobacco Research, 10, 589-97. doi:10.1080/14622200801975819
Bandura, A. (1977). Self-efficacy: Toward a Unifying Theory of Behavioral Change. Psychology Review, 84, 191-215.
Bandura, A. (1991). Social cognitive theory of self-regulation. Organizational Behavior & Human Decision Processes, 50, 248-87.
Bandura, A. (1992). Self-efficacy mechanism in psychobiologic functioning. In R. Schwarzer (Ed.), Self-efficacy: Thought 
control of action (pp. 355-394). Washington, D.C.: Hemisphere.
Brody, A. L., Mandelkern, M. A., Olmstead, R. E., Scheibal, D., Hahn, E., Shiraga, S., … McCracken, J. T. (2006). Gene 
variants of brain dopamine pathways and smoking-induced dopamine release in the ventral caudate/nucleus 
accumbens. Archives of General Psychiatry, 63, 808-16. doi:10.1001/archpsyc.63.7.808
Chassin, L., Clark, C. P., Pitts, S. C., & Sherman, S. J. (2000). The Natural History of Cigarette Smoking From Adolescence 
to Adulthood in a Midwestern Community Sample: Multiple Trajectories and Their Psychosocial Correlates. 
Health Psychology, 19, 223-31. doi:10.1037/0278-6133.19.3.223
Chassin, L., Presson, C. C., Rose, J., Sherman, S. J. Davis, M. J., & Gonzalez, J. L. (2005). Parenting Style and Smoking-
Specific Parenting Practices as Predictors of Adolescent Smoking Onset. Journal of Pediatric Psychology, 30, 
333-44. doi:10.1093/jpepsy/jsi028
Chassin, L., Presson., C. C., Sherman, S. J., & Edwards, D. A. (1990). The natural history of cigarette smoking: Predicting 
young-adults smoking outcomes from adolescent smoking patterns. Health Psychology, 9, 701-16.
Chassin, L., Presson, C. C., Todd., M., Rose, J. S., & Sherman, S. J. (1998). Maternal Socialization of Adolescent Smoking: 
The Intergenerational Transmission of Parenting and Smoking. Developmental Psychology, 34, 1189-1201. 
doi:10.1037/0012-1649.34.6.1189
Clark, P. I., Scarisbrick Hauser, A., Gautam, S. P., & Wirk, S. J. (1999). Anti-tobacco socialization in homes of African-
American and White parents, and smoking and nonsmoking parents. Journal of Adolescent Health, 24, 329-39. 
doi:10.1016/S1054-139X(98)00117-7
Dalton, M. A., Bernhardt, A. M., Gibson, J. J., Sargent, J. D., Beach, M. L., Adachi-Mejia, A. M., … Heatherton, T. F. (2005). 
Use of cigarettes and alcohol by preschoolers while role-playing as adults: “Honey, have some smokes”. 
Archives of Pediatrics & Adolescent Medicine, 159, 854-59. doi:10.1001/archpedi.159.9.854.
den Exter Blokland, E. A. W., Hale III, W. W., Meeus, W., & Engels, R. C. M. E. (2006). Parental Anti-smoking Socialization: 
Associations between Parental Anti-smoking Socialization Practices and Early Adolescent Smoking Initiation. 
European Addiction Research, 12, 25-32. doi:10.1159/000088580
de Leeuw, R. N. H., Engels, R. C. M. E., & Scholte, R. H. J. (2010a). Parental smoking and pretend smoking in young 
children. Tobacco Control, 19, 201-5. doi:10.1136/tc.2009.033407
de Leeuw, R. N. H., Scholte, R. H. J. , Vermulst, A.A. , & Engels, R. C. M. E. (2010b). The relation between smoking-spe-
cific parenting and smoking trajectories of adolescents: How are changes in parenting related to changes in 
smoking? Psychology & Health, 25, 999-1021. doi:10.1080/08870440903477204 
de Vries, H., Dijkstra, M., & Kuhlman, P. (1988). Self-Efficacy: The third factor Besides Attitude and Subjective Norm as 
a Predictor of Behavioral Intentions. Health Education Research, 3, 273-82. doi:10.1093/her/3.3.273
de Vries, H, Backbier, E., Kok, G., & Dijkstra, M. (1995) The Impact of Social Influences in the Context of Attitude, 
Self-efficacy, Intention, and Previous Behavior as Predictors of Smoking Onset. Journal of Applied Social 
Psychology, 25, 237-57. doi:10.1111/j.1559-1816.1995.tb01593.x
de Vries, H., Engels, R. C. M. E., Kremers, S., Wetzels, J., & Mudde, A. (2003). Parents’ and Friends’ smoking Status as 
Predictors of Smoking Onset: Findings from Six European Countries. Health Education Research, 18, 627-36. 
doi:10.1093/her/cyg032
DiFranza, J. R., Rigotti, N. A., McNeill, A. D., Ockene, J. K., Savageau, J. A., …Coleman, M. (2000). Initial symptoms of 
nicotine dependence in adolescents. Tobacco Control, 9, 313-19. doi:10.1136/tc.9.3.313
Dolcini, M. M., Adler, N. E., & Ginsberg, D. (1996). Factors influencing agreement between self-reports and biological 
measures of smoking among adolescents. Journal of Research on Adolescence, 6, 515-42.
Engels, R. C. M. E., Knibbe, R. A., de Vries, H., & Drop, M. J. (1998). Antecedents of Smoking Cessation among Adolescents: 
Who Is Motivated to Change? Preventive Medicine, 2, 348-57. doi:10.1006/pmed.1998.0304
52
CHAPTER 2
Engels, R. C. M. E., Knibbe, R. A., & Drop, M. J. (1999). Predictability of Smoking in Adolescence: Between Optimism and 
Pessimism. Addiction, 94, 115-24. doi:10.1046/j.1360-0443.1999.9411158.x
Engels, R. C. M. E., & Willemsen, M. (2004) Communication about smoking in Dutch families: associations between 
anti-smoking socialization and adolescent smoking-related cognitions. Health Education Research, 19, 227-38. 
doi:10.1093/her/cyg042
Ennett, S. T., Bauman, K. E., Foshee, V. A., Pemberton, M., & Hicks, K. A. (2001). Parent–child communication about 
adolescent tobacco and alcohol use: what do parents say and does it affect youth behavior? Journal of 
Marriage & the Family, 63, 48-62. doi:10.1111/j.1741-3737.2001.00048.x
Ershler, J., Leventhal, H., Fleming, R., & Glynn, K. (1989). The quitting experience for smokers in sixth through twelfth 
grades. Addictive Behaviors, 14, 365-378.
Finkenauer, C., Engels, R. C. M. E., Meeus, W., & Oosterwegel, A. (2002). Self and identity in early adolescence. In: T. M. 
Brinthaupt & R. P. Lipka (Eds.). Understanding the self of the early adolescent. (pp. 25-56). State University of New 
York Press.
Gilman, S. E., Rende, R., Boergers, J., Abrams, D. B., Buka, S.L., Clark, M. A., … Niaura, R. S. (2009). Parental Smoking and 
Adolescent Smoking Initiation: An Intergenerational Perspective on Tobacco Control. Pediatrics, 123, e274-81. 
doi:10.1542/peds.2008-2251.
Guo, Q., Johnson, C. A., Unger, J. B., Lee, L., Xie, B., Chou, C. P.,... Pentz, M. (2007). Utility of the theory of reasoned action 
and theory of planned behavior for predicting. Chinese adolescent smoking. Addictive Behaviors, 32, 1066-81. 
doi:10.1016/j.addbeh.2006.07.015
Hampson, S.E., Andrews, J.A., & Barckley, M. (2007). Predictors of the Development of Elementary-School Children’s 
Intentions to Smoke Cigarettes: Hostility, Prototypes, and Subjective Norms. Nicotine & Tobacco Research, 9, 
751-60. doi:10.1080/14622200701397908
Hanson, M. J. (1997). The theory of planned behavior applied to cigarette smoking in African-American, Puerto 
Rican, and non-Hispanic white teenage females. Nursing Research, 46, 155-62.
Harakeh, Z., Scholte, R. H. J., Vermulst, A. A., & Engels, R. C. M. E. (2004). Parental Factors and Adolescents’ Smoking 
Behavior: An Extension of the Theory of Planned Behavior. Preventive Medicine, 39, 951-61. doi:10.1016/j.
ypmed.2004.03.036
Harakeh Z., Scholte R. H. J., de Vries, H., & Engels, R. C. M. E. (2005). Parental Rules and Communication: Their 
Association with Adolescent Smoking. Addiction, 100, 862-70. doi:10.1111/j.1360-0443.2005.01067.x
Harakeh, Z. Scholte, R. H. J., de Vries, H., & Engels, R. C. M. E. (2006). Association between personality and adolescent 
smoking. Addictive Behaviors, 31, 232-45. doi:10.1016/j.addbeh.2005.05.003
Henriksen, L., & Jackson, C. (1999). Brief Report Reliability of children’s self-reported cigarette smoking. Addictive 
Behaviors, 24, 271-77. 
Hiemstra, M., Ringlever, L., Otten, R., Jackson, C., van Schayck O. C. P., & Engels, R. C. M. E. (2009). Efficacy of Smoking 
Prevention Program ‘Smoke-free Kids’: Study Protocol of a Randomized Controlled Trial. BMC Public Health, 9, 
477. doi:10.1186/1471-2458-9-477.
Hiemstra, M., Otten, R., de Leeuw, R.N.H., van Schayck, O.C.P., & Engels, R.C.M.E. (2011). The Changing Role of 
Self-Efficacy in Adolescent Smoking Initiation: A Four-Year Longitudinal Study. Journal of Adolescent Health, 48, 
597-603. doi:10.1016/j.jadohealth.2010.09.011
Hiemstra M., Otten R., & Engels R. C. M. E. (2012). Smoking Onset and the Time-Varying Effects of Self-Efficacy, 
Environmental Smoking, and Smoking-Specific Parenting by Using Discrete-Time Survival Analysis, Journal of 
Behavioral Medicine, 35, 240-51. doi:10.1007/s10865-011-9355-3
Hu, L. & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria versus 
new alternatives. Structural Equation Modeling, 6, 1-55. doi:10.1080/10705519909540118
Huver, R. M. E., Engels, R. C. M. E., & de Vries, H. (2006). Are anti-smoking parenting practices related to adolescent 
smoking cognitions and behavior? Health Education Research, 21, 66-77. doi:10.1093/her/cyh045
Huver, R. M. E., Engels, R. C. M. E., Vermulst, A. A., & de Vries, H. (2007). Is parenting style a context for smoking-specif-
ic parenting practices? Drug & Alcohol Dependence, 89, 116-25. doi:10.1016/j.drugalcdep.2006.12.005
Jackson, C. (1997). Initial and experimental stages of tobacco and alcohol use during late childhood: Relation to peer, 
parent, and personal risk factors. Addictive Behaviors, 22, 685-98. doi:10.1016/S0306-4603(97)00005-1
Jackson, C. (1998). Cognitive Susceptibility to Smoking and Initiation of Smoking during Childhood: A Longitudinal 
Study. Preventive Medicine, 27, 129-34. doi:10.1006/pmed.1997.0255
53
2
SMOKING-SPECIFIC COMMUNICATION & COGNITIONS
Jackson, C., & Dickinson, D. (2003). Can parents who smoke socialize their children against smoking? Results from the 
Smoke-free Kids intervention trial. Tobacco Control, 12, 52-9. doi:10.1136/tc.12.1.52
Jackson, C. & Dickinson, D. (2006). Enabling Parents Who Smoke to Prevent Their Children From Initiating Smoking. 
Results From a 3-Year Intervention Evaluation. Archives of Pediatrics & Adolescent Medicine, 160, 56-62. doi: 
10.1001/archpedi.160.1.56
Jackson, C., & Henriksen, L. (1997). Do as I say: Parent smoking, anti-smoking socialization and smoking onset among 
children. Addictive Behaviors, 22, 107-14. doi:10.1016/0306-4603(95)00108-5
Jackson, C., Henriksen, L. Dickinson, D., & Levine, D. W. (1997). The Early Use of Alcohol and Tobacco: Its Relation to 
Children’s Competence and Parents’ Behavior. American Journal of Public Health, 87, 359-64.
Jackson, C., Henriksen, L., Dickinson, D., Messer, L., & Robertson, S. B. (1998). A longitudinal study predicting patterns 
of cigarette smoking in late childhood. Health Education & Behavior, 25, 436-47. doi: 10.1177/109019819802500403
Kaplan D. (2000). Structural equation modeling. Foundations and extensions. Thousand Oaks, CA: Sage.
Kremers, S. P. J., Mudde, A. N., & de Vries, H. (2004). Model of unplanned smoking initiation of children and adolescents: 
an integrated stage model of smoking behavior. Preventive Medicine, 38, 642-50. doi:10.1016/j.ypmed.2003.12.003 
Leonardi-Bee, J., Jere, M. L., & Britton, J. (2011). Exposure to parental and sibling smoking and the risk of smoking 
uptake in childhood and adolescence: a systematic review and meta-analysis. Thorax, 66, 847-55. doi:10.1136/
thx.2010.153379 
Leventhal, H., & Cleary, P. D., (1980). The smoking problem: a review of the research and theory in behavioral risk 
modification. Psychological Bulletin, 88, 370-405.
Mahabee-Gittens, E. M., Ding, L., Gordon, J. S., & Huang B. (2010). Agreement Between Parents and Youths on 
Measures of Antismoking. Socialization. Journal of Child & Adolescent Substance Abuse, 19, 158-70. doi:10.1080/ 
10678281003635022
Mayhew, K. P., Flay, B. R., & Mott, J. A. (2000). Review: Stages in the Development of Adolescent Smoking. Drug & 
Alcohol Dependence, 59, S61-81. doi:10.1016/S0376-8716(99)00165-9
McDonald, R. P. (1999). Test theory: A unified treatment. Mahwah, NJ: Lawrence Erlbaum Associates, Inc.
Mercken, L., Candel, M., van Osch, L., & de Vries H. (2011). No smoke without fire: The impact of future friends on 
adolescent smoking behavior. British Journal of Health Psychology, 16, 170-88. doi:10.1348/135910710X531608
Milberger, S., Biederman, J., Faraone, S. V., Chen, L., & Jones, J. (1997). ADHD Is Associated With Early Initiation of 
Cigarette Smoking in Children and Adolescents. Journal of the American Academy of Child & Adolescent 
Psychiatry, 36, 37-44. doi:10.1097/00004583-199701000-00015
Morbidity & Mortality Week Report (2010) Youth Risk Behavior Surveillance- United States, 2009. CDC June 2010 vol 59 
(No SS5) page 1-142.
Munafò, M. R., & Johnstone, E. C. (2008). Genes and cigarette smoking. Addiction, 103, 893-904. doi:10.1111/j.1360- 
0443.2007.02071.x
Muthén, L. K., & Muthén, B. O. (1998-2004). Mplus. Statistical Analyses with Latent Variables. Mplus User’s Guide Third 
Edition. Los Angeles. CA.
National Centre for Social Research (2010). Smoking, drinking and drug use among young people in England in 2009. 
NHS Information Centre for Health and Social Care.
O’Byrne, K. K., Haddock, C. K., & Poston, W. S. C. (2002). Parenting style and adolescent smoking. Journal of Adolescent 
Health, 30, 418-25. doi:10.1016/S1054-139X(02)00370-1
Otten, R., Engels, R. C. M. E., Prinstein, M. J. A. (2009). Prospective Study of Perception in Adolescent Smoking. Journal 
of Adolescent Health, 44, 478-84. doi:10.1016/j.jadohealth.2008.09.004
Otten, R., Engels, R. C. M. E., & van den Eijnden, R. J. J. M. (2008). Smoking Behavior in Asthmatic and Non-Asthmatic 
Adolescents: The Role of Smoking Models and Personality. Substance Use & Misuse, 43, 341-60. 
doi:10.1080/10826080701202833 
Otten, R., Harakeh, Z., Vermulst, A. A., van den Eijnden, R. J. J. M., & Engels, R. C. M. E. (2007). Frequency and Quality of 
Parental Communication as Antecedents of Adolescent Smoking Cognitions and Smoking Onset. Psychology 
of Addictive Behaviors, 21, 1-12. doi:10.1037/0893-164X.21.1.1
Petraitis, J., Flay, B. R., & Miller, T. Q. (1995). Reviewing Theories of Adolescent Substance Use Organizing Pieces in the 
Puzzle. Psychological Bulletin, 117, 67-86. doi:10.1037/0033-2909.117.1.67
Pieters, S., van der Vorst, H., Engels, R. C. M. E., & Wiers, R. W. (2010). Implicit and explicit cognitions related to alcohol 
use in children. Addictive Behaviors, 35, 471-78. doi:10.1016/j.addbeh.2009.12.022
54
CHAPTER 2
Sargent, J.D. (2005). Smoking in Movies: Impact on Adolescent Smoking. Adolescent Medicine, 16, 345-70. doi:10.1016/ 
j.admecli.2005.02.003
Schneider, F.W. & Vanmastrigt, L.A. (1974). Adolescent-preadolescent differences in beliefs and attitudes about 
cigarette smoking. Journal of Psychology, 87, 71-81.
Smet, B., Maes, L., De Clercq, L., Haryanti, K., & Djati Winarno, R. (1999). Determinants of smoking behavior among 
adolescents in Semarang, Indonesia. Tobacco Control, 8, 186-91. doi:10.1136/tc.8.2.186
Smith, B. N., Bean, M. K., Mitchell, K. S., Speizer, I. S., & Fries, E. A. (2007). Psychosocial factors associated with 
non-smoking adolescents’ intentions to smoke. Health Education Research, 22, 238-47. doi:10.1093/her/cyl072
Stivoro (2010) Roken, de harde feiten: Jeugd 2010. [Smoking, the hard facts: Youth 2010]. The Hague, The Netherlands: 
Stivoro 2010. 
Ter Doest, L., Dijkstra, A., Gebhardt, W. A., & Vitale, S. (2009). Cognitions about smoking and not smoking in 
adolescence. Health Education & Behavior, 36, 660-72. doi: 10.1177/1090198107301329
Topa, G. & Mariano J. A. (2010) Review: Theory of planned behavior and smoking: meta-analysis and SEM model. 
Substance Abuse & Rehabilitation, 1, 23-33. doi:10.2147/SAR.S15168
van De Ven, M. O. M., Van Den Eijnden R. J. J. M, & Engels, R. C. M. E. (2006). Smoking-specific cognitions and smoking 
behaviour among adolescents with asthma. Psychology & Health, 21, 699-716. doi:10.1080/14768320600603307
Vitaro, F., Wanner, B., Brendgen, M., Gosselin, C., & Gendreau, P.L. (2004). Differential contribution of parents and 
friends to smoking trajectories during adolescence. Addictive Behaviors, 29, 831-35. doi:10.1016/j.addbeh. 
2004.02.018
von Bothmer, M. I. K, Mattsson, B., & Fridlund B. (2002). Influences on adolescent smoking behaviour: siblings’ 
smoking and norms in the social environment do matter. Health & Social Care in the Community, 10, 213-20. 
doi:10.1046/j.1365-2524.2002.00363.x
van Zundert, R. M. P., Engels, R. C. M. E., & van den Eijnden, R. J. J. M. (2006). Adolescent smoking continuation: 
reduction and progression in smoking after experimentation and recent onset. Journal of Behavioral Medicine, 
29, 435-47. doi:10.1007/s10865-006-9065-4
Wakschlag, S. L., Metzger, A., Darfler, A, Ho, J., Mermelstein., R., & Rathouz P. J. (2011). The Family Talk About Smoking 
(FTAS) Paradigm: New Directions for Assessing Parent-Teen Communications About Smoking. Nicotine & 
Tobacco Research, 13, 103-12. doi:10.1093/ntr/ntq217
55
2
SMOKING-SPECIFIC COMMUNICATION & COGNITIONS

Published as:
Hiemstra, M., Otten, R., de Leeuw, R.N.H., van Schayck, O.C.P., & Engels, R.C.M.E. (2011). 
The Changing Role of Self-Efficacy in Adolescent Smoking Initiation: A Four-Year 
Longitudinal Study. Journal of Adolescent Health, 48(6), 597-603. doi:10.1016/j.jadohealth. 
2010.09.011
The Changing Role of Self-Efficacy  
in Adolescent Smoking Initiation:  
A Four-Year Longitudinal Study
3
Chapter
58
CHAPTER 3
Abstract
Refusal self-efficacy is assumed to be linked to adolescent smoking. The aim of the present 
study was to examine the changing role of self-efficacy in adolescent smoking over time 
while controlling for parental, sibling, and friends’ smoking. This study used data from five 
annual waves of the ‘Family and Health’ project. In total, 428 adolescents (mean age = 13.3 
years; SD = .48) and their parents participated at baseline. Only never smokers at baseline 
(n = 272) were included to measure smoking initiation. First, the effects of baseline 
self-efficacy, parental, sibling, and friends’ smoking on adolescent smoking initiation at 
measurement five were examined. Second, with latent growth curves analyses, individual 
growth curve parameters of adolescent smoking, self-efficacy, parental, sibling, and 
friends’ smoking were calculated. Subsequently, these growth parameters were used to 
predict growth of adolescent smoking. Findings revealed that baseline self-efficacy, 
parental and friends’ smoking did not predict adolescent smoking at wave five, but 
baseline sibling smoking did. However, growth curve parameters showed that a decrease 
in self-efficacy, an increase in proportion of smoking friends, and an increase in sibling 
smoking over time were related to an increase in adolescent smoking. Initial levels of 
sibling and friends’ smoking moderated the link between self-efficacy and adolescent 
smoking over time. In conclusion, a decrease in self-efficacy over time, rather than baseline 
self-efficacy, is associated with smoking initiation in adolescence. Findings emphasize the 
need for more fine-grained analyses when looking at self-efficacy or other individual char-
acteristics that may fluctuate over time. 
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Introduction
Adolescents smoking acquisition is a dynamic process consisting of different stages 
(Mayhew, Flay, Mott, 2000). In the Netherlands, in 2008, 27% of 13-years-old adolescents 
tried smoking occasionally. This increased to 41% at the age of fourteen, and rose up to 
63% by age seventeen (Stivoro, 2008). One way to prevent adolescent smoking is by 
strengthening individual skills to reduce the likelihood that adolescents will start 
experimenting. Individual predictors of smoking initiation have been widely studied (for 
reviews see Avenevoli & Merikangas, 2003; Kobus, 2003; Mayhew et al.,2000; Petraitis, Flay, 
& Miller, 1995). One important individual factor is refusal self-efficacy (de Vries, Dijkstra, & 
Kuhlman, 1988; Engels, Knibbe, Drop, & de Haan, 1997; Flay et al., 1994; Lawrance & 
Rubinson, 1986), which refers to adolescents’ confidence in their ability to stay a 
non-smoker and the confidence to refuse a cigarette (de Vries et al., 1988; Engels, Knibbe, 
& Drop, 1999). Little is known about the development of self-efficacy in adolescence and 
its relationship to smoking initiation. Increased insights into the effects of self-efficacy on 
adolescent smoking might contribute to the development of more effective prevention 
programs.
 Self-efficacy is a key construct in many health behavior models, such as the Theory of 
Planned Behavior (Ajzen, 1991), Social Cognitive Theory (Bandura, 1986), and the Attitude-
Social Influence-Self-efficacy Model (de Vries et al., 1988). These theories have been widely 
used to explain smoking initiation in youths (e.g., Petraitis et al., 1995). Empirical research 
with cross-sectional designs has shown that higher levels of self-efficacy relate to lower 
rates of smoking initiation (e.g., de Vries et al., 1988). Longitudinal studies on the link 
between self-efficacy and adolescent smoking are scarce (e.g., Harakeh Scholte, Vermulst, 
de Vries, & Engels, 2004; Lawrance & Rubinson, 1986; Otten, Harakeh, Vermulst, van den 
Eijnden, & Engels, 2007). These studies found that high baseline self-efficacy negatively 
affects smoking initiation. Despite the longitudinal nature of these studies, self-efficacy 
was always measured at one point in time. However, self-efficacy is not a static concept 
(Bandura, 1997), and levels of self-efficacy fluctuate over time. For instance, most teenagers 
enter adolescence as non-smokers with high levels of self-efficacy to refuse smoking. 
Nonetheless, during adolescence, smoking might become more age-related and more 
accepted behavior, individuals might encounter more situations in which people smoke, 
and norms towards smoking generally become more positive in adolescence than in 
childhood (Otten, Wanner, Vitaro, & Engels, 2009). As a consequence, self-efficacy to refuse 
smoking might decrease while the likelihood to start smoking increases. Hence, it is 
important to look at changes in self-efficacy over time
 As far as we know, Chang and colleagues (2006) conducted the only study that 
concentrates on changes in self-efficacy over time. They examined whether changes in 
self-efficacy and friends’ smoking predicted smoking initiation among 1,654 adolescents. 
Findings showed that lower self-efficacy and having more smoking friends between 10th 
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and 12th grade predicted smoking initiation by 12th grade. Although self-efficacy was 
measured prospectively, Chang and colleagues (2006) predicted adolescent smoking at 
12th grade by computing the difference in self-efficacy between 10th and 12th grade rather 
than assessing fluctuations in self-efficacy over time within this interval, potentially leading 
to an underestimation of self-efficacy. To accurately measure the effects of self-efficacy on 
smoking, it may be more important to assess self-efficacy at various time points, and thus 
test the effects of baseline self-efficacy as well as the effect of changes in self-efficacy over 
time. 
 As important environmental factors, exposure to smoking parents (Bauman, Carver, 
Gleiter, 2001; de Vries, Engels, Kremers, Wetzels, & Mudde, 2003; Flay et al., 1994), siblings 
and friends, (Alexander, Piazza, Mekos, & Valente, 2001; Avenevoli & Merikangas, 2003; de 
Vries et al., 2003; Kobus, 2003) are associated with adolescent smoking. Parental smoking 
affects the likelihood that adolescents will start to smoke and escalate to more severe 
patterns (e.g., Flay et al., 1994; Mayhew et al., 2000). Moreover, although previous research 
found that smoking behavior of an older sibling influences adolescent smoking initiation 
(Avenevoli & Merikangas, 2003; Harakeh, Engels, Vermulst, de Vries, & Scholte, 2007), 
friends’ smoking is considered to be a stronger predictor of adolescent smoking than 
sibling smoking (Avenevoli & Merikangas, 2003). Adolescents with smoking friends are 
more likely to smoke themselves as compared to adolescents with nonsmoking friends 
(Alexander et al., 2001; Kobus, 2003). Hence, parental, sibling, and friends’ smoking can be 
considered as important environmental factors in adolescent smoking.
The present study
The aim of the present study is to test how baseline refusal self-efficacy and changes in 
refusal self-efficacy predict smoking over time while taking into account parental, sibling, 
and friends’ smoking. We expect that changes in self-efficacy over time rather than 
self-efficacy measured at one or two points in time offer a more complete and 
comprehensive picture of the role of self-efficacy. In addition, as we also expect an 
interplay between individual and environmental factors, we will test whether parental, 
sibling and friends’ smoking moderates the link between self-efficacy and adolescent 
smoking.
Methods
Procedure
Data were used of five waves of the ‘Family and Health’ project; a longitudinal Dutch study 
on factors underlying various health behaviors in adolescence (e.g., Harakeh, Scholte, De 
Vries, & Engels. 2005). From 22 municipality registers, addresses of families consisting of 
father, mother, and two children aged 13-16 years were selected. A letter was sent to all 
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families inviting them to participate. In total, 885 families responded. From these families, 
765 met the inclusion criteria (i.e., parents had to be married or live together and all family 
members needed to be biologically related). A further selection was made to get an equal 
division of education and an equal amount of sibling duality (i.e., boy-boy, boy-girl, girl-girl, 
and girl-boy). Finally, 428 families were selected to participate. All data were collected in 
five annual waves with approximately 12 months-intervals. Data collection for baseline 
measurement (T1) took place between November 2002 and April 2003. The numbers of 
participating families were 416 (T2), 404 (T3), 356 (T4), and 326 (T5), which is a response of 
76% across the five waves.
 At T1, an interviewer visited families at home. During this visit, each family member 
was asked to fill out questionnaires individually. To ensure anonymity, participants were 
asked to sit separately from each other and not to talk with each other. It took approximately 
90 minutes to complete the questionnaire. At the annual follow-up waves (T2-T5), the 
majority of families had another visit from an interviewer, but for practical and financial 
reasons, a number of families received the questionnaire by mail. The proportions of 
families who responded by mail were 8% (T2), 24% (T3), 11% (T4), and 25% (T5). Each family 
received €30 per wave if all family members completed the questionnaires. 
Sample characteristics
In the present study, we only focused on never smoking youngest adolescents at T1. This 
allowed us to examine the development of self-efficacy and smoking initiation in 
adolescence. Of the initial sample, 272 (63.6%) adolescents reported never smoking at T1. 
At T1, the mean youths’ age was 13.3 years (SD = .48; range 13-15 years), 52% was female, 
and the majority was Dutch (95.2%). With regard to education, 1.1% of youths followed 
lower education (i.e., preparatory secondary school for technical and vocational training), 
26.7% intermediate or general education, 70.7% followed the highest level of secondary 
school (i.e., preparatory college and university education), and 1.5% followed some other 
form of education. Attrition analyses comparing adolescents that participated in five 
waves and those that dropped out, showed that adolescents that dropped out were less 
likely to follow higher education (OR = .62, 95% CI = .44 - .90, p = .01).
Measures
 Adolescent smoking. At each wave, participants were asked to report, on a nine-point 
scale, which stage of smoking applied to them (Kremers, Mudde, & de Vries, 2001). 
Response categories ranged from 1 (I have never smoked, not even one puff) to 9 (I smoke 
at least once a day) (de Leeuw, Engels, Vermulst, Scholte, 2009; Harakeh et al., 2005).
 Refusal self-efficacy. At each wave, self-efficacy was measured by six items on a six-
point-scale ranging from 1 (very difficult) to 6 (very easy), e.g., ‘Not to smoke if my friends 
smoke is for me….’ (Engels et al., 1999). Cronbach alpha’s across waves were good 
(between .84 and .92). A higher score indicated higher efficacy to refuse a cigarette.
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 Parental smoking. At T1 to T5, using the same scale as for the target adolescents and 
siblings, parents were asked to report which stage of smoking applied to them. However, 
one of the nine responses was less appropriate for adults (i.e., I tried smoking once in a 
while); therefore, parents responded on an eight-point scale (Harakeh et al., 2005). Because 
of the skewness of the distribution, these items were recoded into a new items ranging 
from 1 to 5 (1 = I never smoked, not even one puff, 2 = I tried smoking, I don’t smoke 
anymore, 3 = I stopped smoking, after at least once a month, 4 = I smoke occasionally, but 
not every day, 5 = I smoke at least once a day) (see also de Leeuw et al., 2009).
 Sibling smoking. At each wave, older siblings were asked the same question about 
smoking status as the target adolescents (Harakeh et al., 2005).
 Friends’ smoking. At T1-T5, the proportion of smoking friends was assessed by the 
question: ‘How many of your friends smoke?’ Responses ranged from 1 (none of my 
friends smoke) to 5 (all my friends smoke) (Engels et al.,1999).
Statistical analyses
Descriptive analyses were conducted to describe the distribution of self-efficacy, parental, 
sibling, and friends’ smoking over time. The main analyses proceeded in three phases. 
First, logistic regression analyses were conducted to examine the associations among 
baseline self-efficacy, parental, sibling, and friends’ smoking, and adolescent smoking 
initiation at T5 (non-smoking = 0 (never smoking); smoking = 1 (any experience with 
lifetime smoking)). Specifically, in the first step, similar to Chang et al. (2006), we tested 
whether there was a univariate relationship between self-efficacy at T1 and adolescent 
smoking at T5. In the second step, parental, sibling, and friends’ smoking were included to 
test whether the association between self-efficacy and smoking remained significant.
 Second, we tested the associations among changes in self-efficacy, parental, sibling, 
and friends’ smoking, and the development of adolescent smoking over time. 
Unconditional latent growth curves were conducted using Mplus 5.0 (Muthén & Muthén, 
1998-2004) to examine general trends for self-efficacy, parental, sibling, and friends’ 
smoking, and adolescent smoking. Latent growth curves are designed to describe 
normative developmental patterns of behaviors (Willett & Sayer, 1994). Significant variance 
in the growth curve parameters (i.e., intercept and slope) indicates that individual growth 
patterns deviate from the average growth patterns. Fit measures for the latent growth 
curve models were assessed by the following global fit indices: CFI (Comparative Fit Index, 
with a cutoff of .90), TLI (Tucker-Lewis Index, with a cutoff of .90), and RMSEA (Root Mean 
Square Error of Approximation, with a ‘good’ fit below .05 and an ‘acceptable’ fit below .08) 
(McDonald & Ho, 2002).
 Third, linear regression analyses were conducted to predict the development of 
adolescent smoking using individual growth parameters (i.e., calculated intercepts and 
slope for each individual) of the predictor variables. In the first step, we tested whether 
individual intercepts and slopes of self-efficacy were predictive of adolescent smoking 
63
3
CHANGING ROLE OF SELF-EFFICACY IN ADOLESCENT SMOKING
over time (i.e., the individual slope of adolescent smoking). In the second step, age, gender, 
education, and the individual intercepts and slopes of parental, sibling, and friends’ 
smoking were entered in the regression model to predict adolescent smoking (for a 
similar procedure see (Otten et al., 2009).
Results
Descriptive statistics
Of baseline never smokers (n = 272), 17.4% reported having tried smoking at T2, 25.5% at 
T3, 35.5% at T4 and 39% at T5. Self-efficacy at baseline was 5.05 (SD = .87) and changed to 
5.21 (SD = 1.01) at T5. At T1, 26% of the mothers and 24% of the fathers reported never 
smoking, 39% of the mothers and 34% of the fathers had quit smoking and 15% of the 
mothers and 14% of the fathers reported regular smoking. Sibling smoking increased from 
34% at T1 to 55% at T5. The proportion of non-smoking friends decreased from 62% at T1 
to 20% at T5.
Relationship between baseline self-efficacy and adolescent initiation
In accordance with Chang et al. (2006), we first tested associations between baseline 
self-efficacy, parental, sibling and friends’ smoking, and adolescent smoking initiation at 
T5 (Table 1). In step 1, we found that children with higher levels of self-efficacy at T1 were 
less likely to smoke at T5 (OR = .72, 95% CI = .51-1.00, p = .05). After including parental, 
sibling and friends’ smoking in step 2, the association between self-efficacy and adolescent 
smoking was no longer significant (OR = .74, 95% CI = .52-1.05, p = .09). Children with 
smoking siblings at T1 were more likely to smoke at T5 (OR = 1.20, 95% CI = 1.02-1.41, p = .02). 
Latent growth curves
Unconditional latent growth curves examined general trends of self-efficacy, adolescent 
smoking, parental, sibling, and friends’ smoking, over the five waves. Table 2 shows the fit 
indices, mean initial values (i.e., intercepts), and mean linear rates of changes (i.e., slopes), 
as well as the variability in initial levels (i.e., inter-individual variability of intercept) and 
linear rates of change (i.e., inter-individual variability of slope)2. The relative fit indices were 
satisfactory for all variables. Regarding adolescent smoking, the analyses revealed significant 
mean levels and significant inter-individual variability for the intercept and slope.
 For self-efficacy, intercept was significant but not the slope. However, both inter- 
individual variances of intercept and slope were significant, indicating that although the 
2  Intraclass correlation coefficients indicated that 1.3% of the variance in the intercepts and .5% of the 
variance in the slopes of adolescents smoking could be explained by the fact that participating families 
live in different municipalities.
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mean level of self-efficacy may be stable, some individuals indeed show significant changes 
in self-efficacy over time. 
 For father and sibling smoking, all growth parameters were significant, indicating a 
significant decrease over time for father smoking and increase for sibling smoking. For 
mother smoking, all growth parameters except for the variability of change were 
significant. Regarding friends’ smoking, results showed significant mean levels and rates 
of change as well as significant individual variability in the slope but not in the intercept 
(for correlations between study variables see Appendix 1).
Relationship between changes in self-efficacy and adolescent smoking 
over time
Linear regression analyses were used to predict development of adolescent smoking with 
the inter-individual growth curve parameters of self-efficacy, parental, sibling, and friends’ 
smoking as predictors (Table 3). Step 1 showed that the intercept (β = -.13, p = 0.03) and the 
slope of self-efficacy (β = -.35, p < .001) were significantly related to the slope of adolescent 
smoking, illustrating that lower initial levels of self-efficacy and a decrease in self-efficacy 
over time were associated with an increase in adolescent smoking over time. After 
including inter-individual parameters for parental, sibling and friends’ smoking in step 2 of 
the regression model, the results showed that the slope of self-efficacy remained negatively 
Table 1   Logistic regression analyses of self-efficacy predicting adolescent smoking 
initiation at T5
Variable OR 95% CI
Step 1
Self-efficacy T1 .72** .51-1.00
Step 2
Self-efficacy T1 .74 .52-1.05
Age .85 .45-1.62
Gender .71 .38-1.32
Education .77 .54-1.09
Father Smoking T1 1.01 .78-1.29
Mother Smoking T1 1.26 .97-1.62
Sibling smoking T1 1.20* 1.02-1.41
Friends’ smoking T1 1.45 .89-2.35
Note. Adolescent smoking behavior: 0 = non-smoking and 1 = smoking. CI = Confidence Interval; 
OR = Odds Ratio. R2 = .026 for Step 1; R2 = .126 for Step 2 (Nagelkerke). ** p < .01, * p < .05.
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related to adolescent smoking (β = -.25, p < .001)3. The slopes of friends’ smoking (β = .22, 
p = .002) and sibling smoking (β = .14, p = .026) were positively related to adolescent 
smoking. Intercept and slope of parental smoking were not significantly related to 
adolescent smoking over time. 
Additional analyses
We tested whether the effects of self-efficacy on adolescent smoking depend on smoking 
behavior of parents, siblings, or friends. Therefore, interaction terms between the slopes 
3  Self-efficacy over time remains significant in the association with adolescent smoking over time 
even after correcting for individual characteristics (i.e., attitude, social norm (de Vries et al., 1995), and 
personality (extraversion, conscientiousness, agreeableness, emotional stability, and openness) (Vermulst 
& Gerris, 2005).
Table 3   Hierarchical linear regression analysis predicting development of adolescent 
smoking over time
Overall Model Statistics
Variable B SE ß
Step 1
I Self-efficacy -.26 .12 -.13*
S Self-efficacy -1.96 .35 -.35***
Step 2
Age -.12 .11 -.06
Gender .01 .10 .01
Education .01 .05 .01
I Father smoking -.06 .05 -.08
S Father smoking .10 .47 .01
I Mother smoking .04 .05 .05
S Mother smoking -.27 3.23 -.01
I Sibling smoking .02 .03 .04
S Sibling smoking .31 .14 .14*
I Friends’ smoking .09 .16 .04
S Friends’ smoking 1.29 .40 .22**
I Self-efficacy -.17 .12 -.09
S Self-efficacy -1.43 .35 -.25***
Note. R2 = .17 for Step 1; R2 = .25 for Step 2. I = Intercept of latent growth curves; S = Slope of latent 
growth curves. *** p < .001, ** p < .01, * p < .05.
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of self-efficacy and intercepts of parental, sibling and friends’ smoking were created. We 
found that initial levels of sibling smoking (β = -.14, p = .016) and friends’ smoking (β = -.17, 
p = .005) moderated the link between self-efficacy over time and adolescent smoking 
over time. Specifically, it showed that a decrease of self-efficacy over time was associated 
with an increase of adolescent smoking over time. However, this effect was stronger for 
adolescents with smoking friends or smoking siblings. For parental smoking no interaction 
effect was found.
Discussion
The present study examined the role of baseline self-efficacy and changes in self-efficacy 
in the development of adolescent smoking. Whereas logistic regression analyses with two 
times of measurement showed no effect of self-efficacy, regression analyses with 
individual growth parameters as predictors illustrated that a decrease in self-efficacy was 
related with higher smoking rates. In addition, smoking was predicted by an increase in 
smoking behavior of siblings and friends.
Self-efficacy and adolescent smoking
We found that a decrease in self-efficacy, but not baseline self-efficacy, was associated 
with development of smoking in the teenage years. Probably, baseline levels of self-efficacy 
are not predictive because in early adolescence, youths do not encounter many situations 
in which peers smoke. However, over time, adolescents increasingly encounter situations 
in which people smoke, and smoking may even be associated with high levels of 
popularity (Otten et al., 2009). While smoking prevalence increases, some adolescents 
may even perceive smoking as normative behavior, especially in specific subcultures. In 
turn, peer pressure to smoke may increase and adolescents may feel less confident in their 
ability to stay abstinent. Our longitudinal findings coincide with those of Chang and 
colleagues (2006). However, while they assessed self-efficacy at two time points and used 
the difference score as an indicator of change, we used five measurement points and 
looked at individual growth parameters. By using more time points and calculating 
individual growth curves, we not only took baseline level of self-efficacy into account but 
also fluctuations in self-efficacy over time, providing a more comprehensive picture of the 
role of self-efficacy in adolescent smoking acquisition.
Parental, sibling, and friends’ smoking
An increase in smoking among siblings and friends was related to adolescent smoking 
over time. We did not find a significant relationship between parental and adolescent 
smoking. Some studies suggest that the strength of parental influence on smoking 
decreases during adolescence while the importance of friends and friendships increases 
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(e.g., Kandel & Lesser, 1972). However, these findings are not well established (Bauman et 
al., 2001; de Vries et al., 2003). It may be that the role of parental smoking and smoking by 
friends varies between different age groups. Our results were similar to a recent study 
showing that the key source of influence on smoking initiation of adolescents aged 13-14 
years or older seems to come from friends (Vitaro, Wanner, Brendgen, Gosselin, & Genreau, 
2004). Moreover, in line with other studies we found that friends’ smoking is a stronger 
predictor of adolescent smoking initiation than sibling smoking (Avenevoli & Merikangas, 
2003)
Limitations
Some limitations of this study should be acknowledged. First, data were collected through 
self-reports. Participants may give socially desirable responses or may answer erroneously. 
Nevertheless, studies have shown that self-reported data of adolescents about their 
smoking behavior are generally reliable (e.g., Dolcini, Adler, Lee, & Bauman, 2003). Second, 
adolescents reported about their friends’ smoking behavior. In accordance with the 
literature on cognitive biases, adolescents who smoke may be more likely to overestimate 
the prevalence of smoking in their direct environment (e.g., Botvin, Botvin, Baker, 
Dusenbury, & Goldberg, 1992). Third, self-efficacy was measured with items mainly 
referring to refusal skills. Although the psychometric properties of this scale are satisfactory, 
it is interesting to adopt a multi-dimensional measurement of self-efficacy to obtain a 
more comprehensive assessment. A multi-dimensional approach might include, for 
instance, self-efficacy items that refer to when adolescents have certain opportunities to 
smoke or when they are subject to certain emotions, in addition to respondents’ 
perceptions of their ability to resist smoking when they are in certain tempting situations 
with friends (Kremers et al., 2001; Lawrance, 1989). Furthermore, using a design with more 
time points and smaller time intervals, for instance by means of a diary study, would be 
interesting and could provide more fine-grained insights into the day-to-day variations in 
self-efficacy and environmental smoking exposure (Shiffman, Stone, & Hufford, 2008). 
Fourth, generalizability to the larger population was limited since we only included intact 
families from Dutch origin. Previous studies have shown higher smoking prevalence rates 
in adolescents from single-parent rather than two-parent families (Lonczak, Fernandez, & 
Austin,2007)
 Finally, it is possible that our findings are affected by selective drop out, as attrition 
analyses showed that adolescents with lower education were more likely to drop out. 
Since a lower education level was associated with higher levels of smoking (Hanson & 
Chen, 2007), caution is warranted when interpreting and generalizing the findings.
Implications
We conclude that although average levels of self-efficacy in adolescence seem stable, 
there are definitely youths that deviate. Particularly robust decreases in self-efficacy levels 
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are worrisome. Since self-efficacy appears to be dynamic and subject to change over time, 
it would be beneficial to have recurring prevention programs, for example, an annual 
program throughout the course of adolescence. To boost self-efficacy, a prevention 
program might benefit from concentrating on four dimensions developed by Bandura 
(1977), i.e., learning throughout experience, vicarious learning (i.e., using other people as 
frame of reference), verbal persuasion (e.g., role-play to prepare for upcoming situations), 
and physiological information (e.g., body languages). It is preferred to implement a 
home-based program during pre-adolescence because the preponderance of youths is 
not yet experimenting with smoking at that time and also siblings can be involved in the 
program (Hiemstra, Ringlever, Otten, Jackson, van Schayck, & Engels, 2009). Such a 
program should for instance focus on skills to refuse smoking when friends offer a 
cigarette. These skills could be trained by using role-plays during the course (such as 
(Hiemstra et al., 2009). Large groups of adolescents could be reached when programs are 
offered at schools. Besides targeting individual factors such as refusal skills, sibling and 
friends’ smoking play a crucial role in adolescent smoking. A recent study of Campbell et 
al. (2008) reveals that targeting peers appears to be effective in reducing adolescent 
smoking prevalence. In their intervention program, dominant and influential students 
were approached to act as peer supporters during informal interactions to stimulating 
their peers not to smoke (Campell et al., 2008). Actively involving influential peers may be 
an appropriate way to stimulate self-efficacy refusal skills in peers who are susceptible for 
peer pressure.
Conclusion
Current findings showed that when considering its changing nature, self-efficacy is 
associated with adolescent smoking initiation (even after controlling for parent, sibling, 
and friends’ smoking). The results imply that prevention programs focused on increasing 
self-efficacy skills should be recurrent and not limited to a single point in time.
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Abstract
This study examined the timing of smoking onset during mid- or late adolescence and the 
time-varying effects of refusal self-efficacy, parental and sibling smoking behavior, 
smoking behavior of friends and best friend, and parental smoking-specific communication. 
We used data from five annual waves of the ‘Family and Health’ project. In total, 428 
adolescents and their parents participated at baseline. Only never smokers were included 
at baseline (n = 272). A life table and Kaplan-Meier survival curve showed that 51% of all 
adolescents who did not smoke at baseline did not start smoking within 4 years. The risk 
for smoking onset during mid- or late adolescence is rather stable (hazard ratio between 
.16 - .19). Discrete-time survival analyses revealed that low refusal self-efficacy, high 
frequency of communication, and sibling smoking were associated with smoking onset 
one year later. No interaction effects were found. Conclusively, the findings revealed that 
refusal self-efficacy is an important predictor of smoking onset during mid- or late 
adolescence and is independent of smoking-specific communication and smoking 
behavior of parents, siblings, and (best) friend(s). Findings emphasize the importance of 
family prevention programs focusing on self-efficacy skills.
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Introduction
In most Western countries, smoking onset increases most rapidly during adolescence. In 
2009, 7% of 11-years-old adolescents in the Netherlands indicated that they had tried 
smoking during their lifetime. This increased to 45% by the age of 14 and 62% by age 17 
(Stivoro, 2009). These smoking rates are similar to those in the UK (National Centre for 
Social Research, 2010) and the US (Morbidity & Mortality Week Report,2010). It is important 
to prevent young adolescents from smoking because people who initiate smoking early 
in life are more likely to develop a long-enduring smoking habit (e.g., Chassin, Clark, Pitts, 
& Sherman, 2000). To better prevent the onset of adolescent smoking, increased insight 
into the exact timing of adolescent smoking and its predictors is necessary. The aim of the 
present study was to gain insight into the timing of smoking onset and the time-varying 
effects of refusal self-efficacy, environmental smoking, and smoking-specific parenting 
throughout mid- or late adolescence.
 One way to look at the timing of smoking onset is by means of survival analyses (Willet 
& Singer, 1991; Willet & Singer, 1993), also called event history analyses (Allison, 1984). Survival 
analyses encompass a wide variety of statistical methods to analyze occurrence and timing 
of events, and it offers two main advantages in comparison to traditional analytic methods 
to examine behavior over time (Willet & Singer, 1993). Particularly, when studying adolescent 
smoking, most traditional studies aimed at smoking onset ignore the time to when smoking 
occurs, and do not take into account the censoring of smoking behaviors (Bidsturp et al., 
2009; Grogan, Conner, Fry, Gough, & Higgins, 2009; Lotrean, Dijk, Mesters, Ionut, & de Vries, 
2010). Censoring is an important feature of survival-time data. Specifically, the survival times 
of some respondents are unobserved, for instance, because smoking onset did not take 
place before the termination of the study, which makes information about the occurrence 
of smoking onset of these respondents (i.e., respondents with censored data) incomplete. 
Failure to take this specific feature of survival data into account can produce serious bias in 
estimates of the distribution of survival time and related quantities. Standard statistical tools 
do not allow the calculation of the mean duration of episodes when observations are 
censored (Systema, Micciolo, & Tansella, 1996). 
 The present study used discrete-time survival analyses (Singer & Willet, 1993; Willet & 
Singer, 1993) because data were gathered at specific time points and not continuously 
over time. Discrete-time survival analysis allows for examination of the longitudinal 
progression of the probability that an event occurs (Muthén & Masyn, 2005); thereby, 
providing a more accurate insight into whether adolescents start smoking and when 
(Singer & Willet,1993; Willet & Singer, 1991; Willet & Singer, 1993). Furthermore, the majority 
of longitudinal studies measure predictors at one point in time thereby partially 
overlooking the idea that values of predictors may vary over time, and not permitting the 
effects of the predictors to fluctuate (Willet & Singer, 1991). Discrete-time survival analysis 
allows the inclusion of time varying predictors, whose values fluctuate over time. In 
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conclusion, by means of survival analyses a more accurate prediction of smoking onset 
can be made. As an additional consequence, the use of survival analyses may cause 
magnitudes of effects to differentiate (i.e., be weaker or stronger in magnitude) from those 
found in studies using more traditional techniques.
 One important predictor that is assumed to vary over time and affects adolescent 
smoking is refusal self-efficacy (de Vries, Dijkstra, & Kuhlman, 1988; Engels, Knibbe, Drop, & 
De Haan, 1997), which refers to adolescents’ confidence in their ability to stay a non-smoker 
and the confidence to refuse a cigarette (de Vries et al., 1988; Engels, Knibbe, & Drop 1999). 
Self-efficacy has been widely used to explain smoking initiation in youths (e.g., Petraitis, 
Flay, & Miller, 1995). In some longitudinal studies, higher levels of self-efficacy related 
negatively to smoking onset (e.g., Bidstrup et al., 2009; Chang et al., 2006; de Vries, Backbier, 
Kok, & Dijkstra, 1995; Grogan et al., 2009; Lotrean et al., 2010) but in other studies, 
self-efficacy did not relate to adolescent smoking onset (e.g., Ayo-Yusuf, van den Borne, 
Reddy, van Wyk, & Severson, 2009). Despite the prospective nature of these studies, only 
some of these studies took smoking onset at different time points into account (Bidstrup 
et al., 2009; Chang et al., 2006; Lotrean et al., 2010). Most studies assessed self-efficacy and 
smoking initiation over a short period (two or three time points) (Bidstrup et al., 2009; 
Chang et al., 2006; Grogan et al., 2009; Lotrean et al., 2010). Moreover, some of these studies 
applied relatively small time intervals (2-year or shorter), limiting the possibility to examine 
the smoking onset throughout adolescence (Bidstrup et al., 2009; de Vries et al., 1995; 
Grogan et al., 2009; Lotrean et al., 2010).
 Besides self-efficacy, parental, sibling, and peer smoking are associated with adolescent 
smoking (e.g., Avenevoli & Merikangas, 2003; Harakeh, Engels, Vermulst, de Vries, & Scholte, 
2007; Otten, Wanner, Vitaro, & Engels, 2009). Parental smoking status affects the likelihood 
that adolescents will start smoking and, over time, the development of a more habitual 
smoking pattern (e.g., Mayhew, Flay, & Mott, 2000; Gilman et al., 2009). Smoking behavior 
of an older sibling affects smoking onset of an adolescent (Avenevoli & Merikangas, 2003; 
Harakeh, et al., 2007), although friends’ smoking is considered to be a stronger predictor of 
adolescent smoking than sibling smoking (Avenevoli & Merikangas, 2003). Adolescents 
with smoking friends have been found to be more likely to smoke themselves as compared 
to adolescents with nonsmoking friends (for a review see Hoffman, Sussman, Unger, & 
Valente, 2006; Kobus, 2003).
 Another parental factor, smoking-specific parenting, has been shown to be important 
in adolescent smoking behavior (Chassin, Presson, Todd, Rose, & Sherman, 1998; Conrad, 
Flay, & Hill, 1992). Smoking-specific parenting includes specific strategies aimed at 
preventing smoking onset by setting rules, transmitting knowledge on smoking, and 
encouraging antismoking attitudes (i.e., anti-smoking socialization) (e.g., Engels & 
Willemsen, 2004; Ennett, Bauman, Foshee, Pemberton, & Hicks, 2001; Harakeh, Scholte, de 
Vries, & Engels, 2005; Jackson & Dickinson, 2003). Earlier research established that smoking-
specific parenting practices reduce the odds of adolescents being involved in smoking 
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(e.g., Chassin, et al., 2005; de Leeuw, Scholte, Harakeh, van Leeuwe, & Engels, 2008; de 
Leeuw, Scholte, Vermulst, & Engels, 2010; Harakeh et al., 2005). Moreover, parents engage 
in different socializing efforts, such as constructive forms of communication about 
smoking issues, to influence their adolescent’s decision to smoke. Previous research has 
found that frequency of communication is associated with adolescent smoking (e.g., 
positively: Chassin et al., 1998; Clark, Scarisbrick-Hauser, Gautam, & Wirk, 1999; Jackson & 
Henriksen, 1997; negatively: Ennett et al., 2001; Harakeh et al., 2005). Higher quality of 
communication was negatively associated with adolescent smoking (e.g., Chassin et al., 
2005; de Leeuw et al., 2008; de Leeuw et al., 2010; Harakeh et al., 2005; Otten Harakeh, 
Vermulst, van den Eijnden, & Engels, 2007). The divergent findings with respect to 
frequency and quality of communication could be a reflection of parents’ reaction to the 
smoking behavior of the adolescent.
 Self-efficacy, environmental smoking, and smoking-specific communication are 
included in some of the most important theories in explaining adolescent health risk 
behavior (Petraitis et al., 1995). These theories have suggested that the major influences on 
adolescent smoking are social environments and psychological factors. Specifically, 
environmental smoking has been found to affect adolescent smoking through processes 
of modeling (e.g., Engels et al., 1999), accordingly with social cognitive theories (Bandura, 
1986), and parents exert socializing efforts through constructive forms of communication 
(Otten et al., 2007). From a similar theoretical perspective, yet on a more individual level, 
refusal self-efficacy has been shown to protect children from smoking (e.g., Petraitis et al., 
1995). In addition to the direct effects of self-efficacy, environmental smoking exposure, 
and smoking-specific parenting on smoking onset, it is likely that smoking behavior is a 
product of an interplay between individual and environmental factors. Specifically, we 
expect a weaker role of self-efficacy in children exposed to both peers and parent who 
smoke (e.g., Bauman, Carver, & Gleiter, 2001; de Vries, Engels, Kremers, Wetzels, & Mudde, 
2003). Environmental smoking and communication about of smoking may affect refusal 
self-efficacy in a respectively negative and positive way, which in turn may decrease or 
increase the odds for adolescent smoking. Adolescents of parents who smoke may 
perceive smoking as relatively normative behavior (Bricker, Peterson, Sarason, Anderson, & 
Rajan, 2007). As a consequence, these children may be less likely to refuse a cigarette. We 
also expect a stronger role of self-efficacy in children whose parents engage in smoking-
specific parenting (Engels & Willemsen, 2004; Huver, Engels, & de Vries, 2006; Otten et al., 
2007). Parents play an important role in encouraging a child’s self-efficacy: children of 
parents who discuss smoking matters are expected to be more confident in their ability to 
refuse cigarettes from peers. 
The present study
The main objective of the present study was to examine the timing of smoking onset 
during mid- or late adolescence and the time-varying effects of refusal self-efficacy, 
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parental smoking, sibling smoking, friends and best friend’s smoking, and smoking-specif-
ic communication. In addition, we examined how the exposure to environmental smoking 
(i.e., parental, sibling, and peer smoking) and smoking-specific parenting (i.e., frequency 
and quality of communication) might alter the relation between self-efficacy and 
adolescent smoking onset during mid- or late adolescence. This was tested using survival 
analyses. We expected that lower self-efficacy, smoking behavior of parents, older sibling, 
peers, and more frequent communication as well as lower quality of communication 
would be important predictors of the timing of smoking onset. Further, we expected that 
environmental smoking and smoking-specific communication alter the relationship 
between self-efficacy and smoking onset.
Methods
Procedure
Data were used from five annual waves of a longitudinal Dutch study ‘Family and Health’, 
which focused on factors underlying various health behaviors in adolescence (e.g., 
Harakeh et al., 2005) and to investigate the influences from father, mother, and sibling 
simultaneously. We selected 5,062 addresses of families consisting of father, mother, and 
two adolescents aged 13-16 years from 22 municipality registers. A letter was sent to all 
these families, inviting them to participate in this study. In total, 885 families responded. 
From these families, 765 met the inclusion criteria (i.e., parents were married or were living 
together and all family members had to be biologically related). Because of financial 
resources, we were restricted to include 428 families in the project. A further selection was 
made to achieve an equal division of education and an equal amount of sibling dyads (i.e., 
108 boy-boy, 118 boy-girl, 106 girl-girl, and 96 girl-boy).
 Between November 2002 and April 2003 (T1), an interviewer visited the families in 
their homes. During the home visit, each family member was asked to complete a 
questionnaire individually. To maintain anonymity, respondents were asked to sit apart 
from each other and not to discuss the questions with each other. The numbers of 
participating families at follow-up were 416 (T2), 404 (T3), 356 (T4), and 326 (T5), which is a 
76% response rate across the five waves. Each family received €30 per wave if all four 
family members completed the questionnaires.
Sample characteristics
At T1, we selected only the youngest non-smoking adolescents (n = 272), which allowed 
us to examine smoking onset over the course of adolescence. Of the initial sample (N = 
428), 272 (63.6%) adolescents reported never smoking at T1. Boys and girls were 
approximately equally represented, with 52% of the adolescents being girls. The age of 
adolescents ranged from 13 to 15 years, with a mean age of 13.3 years (SD = .48), and the 
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majority was Dutch (95.2%). Education level was equally represented. Table 1 describes 
the characteristics of the initiators and non-smokers at baseline. Early initiators showed 
lower levels of self-efficacy, reported higher levels of environmental smoking, lower 
frequency of communication and higher quality of communication.
 Attrition analyses revealed differences between adolescents who participated in the 
study at all time points and those who dropped out. Adolescents that dropped out were 
less likely to follow higher education (OR = .89, 95% CI = .62 -1.26, p < .01) and were more 
likely to have smoking friends (OR = 1.69, 95% CI = 1.04 - 2.75, p < .05).
Measures
 Adolescent smoking. Smoking behavior of the adolescent was assessed five times with 
one-year intervals using a well-established measure (de Vries et al., 2003; Kremers et al., 2001). 
Adolescents were asked to report, on a nine-point scale, which stage of smoking applied to 
them. Response categories ranged from 1 (I have never smoked, not even one puff) to 9 
(I smoke at least once a day). We recoded these responses as non-smoker = 0 (never smoking) 
and smoker = 1 (any experience with lifetime smoking) (Harakeh et al., 2005).
 Refusal self-efficacy. At each wave, self-efficacy was measured with six items on a six-
point-scale ranging from 1 (very difficult) to 6 (very easy), e.g., ‘To become (or to stay) a 
nonsmoker is ….’ and ‘Not to smoke if my friends are smoking is for me…’ (de Vries et al., 
1988; de Vries et al., 1995). Cronbach’s alphas ranged from .85 to .91 across waves. A higher 
score on the self-efficacy scale indicated higher efficacy to refuse a cigarette. The scale 
used in the present study has been used in various health studies in the Netherlands (de 
Vries et al., 1995; Engels & Willemsen, 2004; Harakeh et al., 2004; Otten et al., 2007). The 
psychometric properties of self-efficacy were sufficient to good with high internal 
consistencies (alpha’s > .85) and support for one underlying factor (de Vries et al., 1988).
 Parental smoking. At each wave, parents were asked to report which stage of smoking 
applied to them using the same scale as for the adolescents (de Vries et al., 2003). However, 
one of the nine responses was less appropriate for adults (i.e., ‘I tried smoking once in a 
while’); therefore, parents responded on an eight-point scale (cf., Harakeh et al., 2005). 
Because of the skewness of the distribution over the eight categories and to establish a 
more robust measure of parental smoking, this variable was transformed to a new variable 
ranging from 1 to 5 (1 = ‘I have never smoked, not even one puff’; 2 = ‘I tried smoking, I 
don’t smoke anymore’; 3 = ‘I stopped smoking, after smoking at least once a month’ 
(based on the initial responses ‘I stopped smoking, after smoking less than once a week’ 
and ‘I stopped smoking, after smoking at least once a week’); 4 = ‘I smoke occasionally, but 
not every day’ (based on ‘I smoke less than once a month’, and ‘I smoke not weekly, but at 
least once a month’, and ‘I smoke not daily, but at least once a week’); 5 = ‘I smoke at least 
once a day’) (cf., Otten et al., 2007).
 Sibling smoking. At each wave, older siblings were asked the same question about 
smoking status as the target adolescents (Harakeh et al., 2005).
82
CHAPTER 4
 Friends’ smoking. The proportion of smoking friends was assessed at each wave using 
the following question: ‘How many of your friends smoke?’ Responses ranged from 1 
(none of my friends smoke) to 5 (all my friends smoke) (Engels et al., 1997).
 Best friends’ smoking. At each wave, the adolescents were asked to report on a 9-point 
scale ranging from 1 (My best friend never smoked, not even one puff) to 9 (My best friend 
smokes at least once a day), which stage of smoking applied to their best friend. 
Adolescents are rather accurate in estimating their best friends’ smoking behavior 
(Harakeh et al., 2007).
 Quality of smoking-specific communication. Quality of communication was assessed at 
each wave with six items (per parent). The items on this scale reflect a constructive and 
respectful way of communicating about smoking-related issues (e.g., ‘My mother/father 
and I are able to talk easily about our opinions concerning smoking’). Adolescents were 
asked to report on a 5-point scale ranging from 1 (completely not true) to 5 (completely 
true), which answer applied to them (Harakeh et al., 2005). The scale scores were averaged. 
Cronbach’s alphas across waves ranged from .74 to .86 for adolescents reporting about 
their mother and from .80 to .88 for adolescents reporting about their father.
 Frequency of smoking-specific communication. Frequency of communication was 
assessed at each wave by averaging the scores of eight items assessing how often in the 
past 12 months parents talked with their child about smoking related issues (e.g., ‘During 
the last 12 months, how many times did your mother/father talk to you about how to 
resist peer pressure to use tobacco?’) on a 5-point scale ranging from 1 (never) to 5 (very 
often) (Ennett et al., 2001; see for an adapted Dutch version: Harakeh et al., 2005). Cronbach’s 
alphas ranged from .87 to .89 (adolescents reporting about their mother) and from .89 to 
.91 (adolescents reporting about their father) across waves.
Statistical analyses
For the purpose of this study, at baseline, we included only adolescents who never 
smoked (n = 272). After calculating descriptive statistics, we used survival analyses 
designed to account for censoring and consider whether and when an event occurs 
(Willet & Singer, 1993).
 We used the life table to describe the event occurrence data. The life-table is a tool for 
summarizing the sample distribution of event occurrence (Singer & Willet, 2003). It tracks 
the event histories of a sample of respondents from the beginning of through the end of 
data collection (4 years). As a statistical summary of the life-table, the Kaplan-Meier survival 
curve (Kaplan & Meier, 1958) shows the survivor function. A survival function shows the 
proportion of respondents who have not experienced the event over time. The life-table 
approach is useful for the preliminary analysis of survival data; however, this method does 
not control for the effects of other predictors as do regression models (Allison, 1995).
Therefore, discrete-time survival analyses were used to assess the strength of the 
association between adolescent smoking onset and other variables. Discrete-time survival 
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analysis treats time not as a continuous variable but as a variable that is divided into certain 
intervals of time, e.g., once per year (Singer & Willet, 1993; Willet & Singer, 1993). The 
analyses were conducted with logistic regression analyses in SPSS 15.0. To use logistic 
regression analyses, the dataset needed to be rearranged from a one-person, one-record 
data set (272 person-level dataset) to one-person, multiple-period data set (1,137 
person-period data set). This means that for every respondent in the dataset, we recorded 
separate lines until the event occurred, with a maximum of five lines (i.e., waves) per 
respondent.
 The following steps were conducted in logistic regression analyses. In the first step, 
we tested whether the covariates of age, gender, education, and ethnicity related to 
smoking status. In the second step, self-efficacy, quality of communication, frequency of 
communication, parental smoking, sibling smoking, and overall friends and best friend 
smoking of the wave before (T-1) were added. In the third step, interaction terms (T-1) 
between self-efficacy and the following variables: quality and frequency of communication, 
parental smoking, sibling smoking, friends and best friend smoking were entered. All the 
analyses were conducted separately for mother and father.
 Kaplan-Meier survival curves were made for the significant results of discrete-time 
survival analyses. For those purposes, continuous variables were dichotomized (0 = low 
and 1 = high). Classification into low or high category was based on the median split.
Results
Of the 272 adolescents, 120 adolescents reported to have smoked at least once between 
T2 – T5. Descriptive statistics for other (independent) variables are presented in Table 1.
Life table
A life table examined the sample distribution of event occurrence (Table 2), in our case 
staying a non-smoker or smoking at least once. The first column of the life table describes 
the four years of measurement and the second column the accompanying interval time. 
The third column depicts the number of respondents who entered each interval. The 
group of respondents that entered the interval is called ‘the risk set,’ that is, those who are 
eligible to experience the event during the interval. The year 3 risk set (n = 219) can be 
described as the year 2 risk set (n = 269) without the 46 adolescents who started smoking 
during year 2 and the number of censored cases (n = 4, withdrawing during the interval). 
If a respondent started smoking, or was censored, s/he dropped out of the risk set for all 
remaining time points. The fourth column displays the number of censored cases at the 
end of each time interval. There are two types of censoring, that is, some respondents 
would never experience the target event and others would experience the event but not 
during the study’s data collection. Column 5 shows the amount of respondents who 
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experienced the event (smoking) during each interval, column 6 the proportion of 
smokers, column 7 the proportion of non- smokers, and column 8 the cumulative 
proportion of these non-smokers. This proportion represents all non-smoking adolescents 
at baseline who still did not smoke at the end of each year. Our findings showed that 51% 
of all non-smoking respondents at baseline did not smoke after 4 years. The last column 
shows the hazard ratio (HR). The hazard ratio is the proportion of respondents at each 
interval who did not smoke, who had the possibility to start smoking in the following time 
interval, and who did not experience the event during the preceding interval. The greater 
the hazard ratio, the greater the risk to start smoking. The risk to start smoking is rather 
stable over the adolescent years (between .16 - .19).
Kaplan-Meier survival curve 
In Figure 1, the Kaplan-Meier survival curve depicts the development of smoking onset 
over time. The survival function shows the probability that a respondent will not 
experience the event (“survives”). The figure depicts each person who started smoking as 
a downward step in the curve. The pattern shows that the number of respondents who 
start smoking each year is almost stable over time (Figure 1).
Figure 1   Kaplan-Meier-survival curve of onset of smoking
Note. Each person who started smoking is showed as a downward step in the curve.
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Discrete-time survival analyses
 Father. In the first step, no effects were found for the covariates (Table 3). In step 2, self- 
efficacy, frequency of communication, and sibling smoking were positively associated with 
adolescent smoking onset. The effects of friends smoking and best friends smoking were 
almost significant Adolescents with higher levels of self-efficacy one year earlier were at 
lower risk to start smoking one year later compared to adolescents with low levels of 
self-efficacy (OR = .56, 95% CI = .43 - .73, p = .000). Further, adolescents were more likely to 
start smoking when the frequency of the father-child communication was higher at an 
earlier point in time (OR = 1.47, 95% CI = 1.05 - 2.06, p = .03), and adolescents were more 
likely to start smoking when older siblings smoked at the previous point in time (OR = 1.12, 
95% CI = 1.02 - 1.23, p = .02). Adolescents were more likely to start smoking when they had 
more friends who smoked and when their best friend smoked (respectively OR = 1.34, 95% 
CI = .98 - 1.84, p = .07; OR = 1.12, 95% CI = .98 - 1.28, p = .08). In step 3, interaction effects 
between self-efficacy and frequency/quality of communication, smoking behavior of 
parents, sibling, friends, and best friend were added to the equation but no significant 
effects were found4.
 Mother. In step 1 and 2, similar results were found. Lower self-efficacy (OR = .57, 95% 
CI = .44 - .73, p = .000), high frequency of maternal communication (OR = 1.65, 95% CI = 1.14 
- 2.39, p = .008), and sibling smoking (OR = 1.11, 95% CI = 1.01 - 1.22, p = .04) were related to 
adolescent smoking onset one year later. Friends smoking (OR = 1.33, 95% CI = .96 - 1.83, 
p = .08) was related to adolescent smoking onset one year later. No significant interaction 
effects were found in step 3 (Table 3).
 In Figure 2, the Kaplan-Meier survival curves (adjusted for censored episodes) are 
presented for self-efficacy, frequency of communication, and smoking of sibling. These 
variables were split up into low (0) and high (1) based on median split. The difference 
between low and high self-efficacy was significant (log-rank = 34.97, p < .001; Figure 2a). 
Adolescents who did not talk often about smoking-related issues with their parents were 
less likely to start smoking. The difference between low and high frequency of 
communication was also significant (mother: log-rank = 12.93, p < .05; father: log-rank = 
12.15, p < .001) (Figure 2c, 2d). In addition, a significant difference between the low and 
high level of sibling smoking was found (log-rank = 17.24, p < .001), indicating that 
adolescents with smoking siblings are more likely to start smoking (Figure 2b). 
4 Interaction effects of quality of communication and frequency of communication with smoking behavior 
of the parent, smoking behavior of sibling, and smoking behavior of (best) friends were also tested (i.e., 
quality/frequency of communication * parental smoking, quality/frequency of communication * best 
friends smoking, quality/frequency of communication * sibling smoking). No moderation effects were 
found.
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Figure 2   Cumulative survival curves refusal self-efficacy (a), smoking behavior sibling 
(b), and frequency of communication: mother (c) and father (d)
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Figure 2   Continued
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Note. Continuous variables were dichotomized based on median split to low (below the median) and high 
(above the median). Each person who started smoking is showed as a downward step in the curve.
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Discussion
The present study examined the timing of smoking onset during mid- or late adolescence 
and the role of the time-varying effects of refusal self-efficacy, parental smoking, sibling, 
friends and best friend’s smoking, and smoking-specific parenting. Survival analyses were 
used to give insight into whether smoking onset occurred and when (e.g., Singer & Willet, 
1993). The majority of longitudinal studies predict smoking by looking at predictors at one 
point in time, partially ignoring the idea that the effects of certain predictors may change 
or fluctuate over time (Willet & Singer, 1991). By looking at the particular time-related 
effects of different predictors, survival analyses are more accurate. Moreover, survival analyses 
minimize bias, because non-occurrence of smoking is taken into account (censoring). The 
present study looked at smoking onset in mid- or late adolescence.
 Results of the life table approach provided important preliminary information about 
when smoking onset occurs during mid- or late adolescence by estimating survival and 
hazard rates.  Findings revealed that 51% of all non-smoking respondents at baseline did 
not start smoking within the study period. To be able to accurately compare these results 
with national data, also the early initiators need to be taken into account. At age 13-14 
(baseline assessment), 153 respondents reported lifetime smoking and were excluded 
from the analyses. From the respondents that were included in the analyses, 120 
respondents started smoking at some point during the study period. So, at the final 
assessment at age 17-19, in total 273 respondents (63.8%) had some experience with 
smoking, which is in line with national data on smoking in the Netherlands (Stivoro, 2009). 
Smoking initiation risks were quite similar throughout mid- and late adolescence (hazard 
ratio between .16 - .19).
 Discrete-time survival analyses were used to assess the relationship between 
self-efficacy, smoking behavior of parents, sibling, friends’ and best friend and smoking-
specific communication, and adolescent smoking onset. An advantage of discrete-time 
survival analyses is that it takes into account the time-varying predictors, whose values 
fluctuate over time. We found that during mid- or late adolescence self-efficacy, sibling 
smoking, and frequency of communication assessed one year prior to onset are important 
predictors of smoking onset.
 For self-efficacy, we found that adolescents with high levels of self-efficacy were less 
likely to start smoking in the following year, even after controlling for environmental 
smoking and smoking-specific parenting. This is in line with previous longitudinal research 
(Bidstrup et al., 2009; Chang et al., 2006; de Vries et al., 1995; Grogan et al., 2009; Lotrean et 
al., 2010). In a recent paper (Hiemstra, Otten, de Leeuw, van Schayck, & Engels, 2011), we 
found comparable effects of self-efficacy on adolescent smoking behavior over time. A 
decrease in self-efficacy over time is associated with smoking progression, even after 
controlling for parental, sibling, and friends’ smoking behavior.
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 In addition, we also found that more frequent parental talking about smoking-related 
issues with their children was associated with an increased risk for children to start 
smoking. Specifically, frequency of communication about smoking related issues 
predicted smoking onset one year later. This finding might indicate that when adolescents 
start to experiment with more deviant behavior in general and drift towards deviant 
peers, parents might react to that by talking more often with their children. Previous cross-
sectional studies found similar results of higher frequency of communication (e.g., Ennett 
et al., 2001; Harakeh et al., 2005; Otten et al., 2007). However, contrary findings were also 
found (e.g., Chassin et al., 1998; Clark et al., 1999; Jackson & Henriksen, 1997). Existing 
longitudinal studies found no association between frequency of communication and 
adolescent smoking onset (den Exter Blokland, Hale III, Meeus, & Engels, 2006; Ennett et al., 
2001). It could be that some of the inconsistent results are reflections of interactions 
between frequency of communication and quality of communication. For instance, it 
could be that in some studies parents engaged in both high levels of frequency of 
communication and high levels of quality of communication indeed causing preventive 
effects. Alternately, other parents could engage in high levels of frequency together with 
low levels of quality of communication actually increasing the risk for smoking. Another 
explanation could be that environmental smoking moderates the effects of frequency of 
communication on adolescent smoking. No previous research has been conducted on 
the circumstances under which frequency of communication might have positive or 
aversive effects. Hence, more longitudinal studies should look into this to provide more 
insight into the circumstances in which frequency could be effective.
 In contrast to other studies, no association was found between quality of 
communication and adolescent smoking onset (e.g., Chassin et al., 2005; de Leeuw et al., 
2008). An explanation for not finding an association could be that parents only started 
talking about smoking matters, or changed their way of communicating, after their child 
had tried smoking (de Leeuw et al., 2010)5.
 Previous research found that smoking behavior of sibling, friends and parents is 
related to smoking onset (e.g., Avenevoli & Merikangas, 2003; Bauman et al., 2001; Harakeh, 
et al., 2007), however these studies did not involve survival analyses. In the present study, 
we indeed found support for the relationship between sibling smoking behavior and 
5 We tested the relationship between quality and frequency of communication at current time point 
and adolescent smoking behavior at previous time point, while controlling for quality and frequency of 
communication at previous time points. We found that when a child started smoking, the following year 
frequency of communication would increase. We also found an inverse relationship between child smoking 
and quality of communication. Particularly, when a child started smoking, quality of communication 
would be lower the following year. Perhaps, the quality of communication decreases after children started 
smoking because parents no longer see the need of qualitative communication, while at the same time 
they may even be more likely to emphasize that smoking is a bad habit with serious health consequences, 
explaining the increasing frequency of communication levels. More research is necessary to test these and 
related hypotheses.
93
4
SMOKING ONSET AND TIME-VARYING EFFECTS
adolescent smoking onset. An explanation for sibling smoking may be that younger 
siblings perceive older siblings as important role models, and they are likely to model their 
behavior (Harakeh et al., 2007). The effect of friends’ smoking was marginally significant 
and no association between parental smoking and smoking onset was found. In this 
study, we looked at the first experience with smoking. Since the first smoking experience 
is with friends and the survival analyses concentrates at smoking onset at each point in 
time, this might have caused an absence of the effect of parental smoking. Moreover, 
samples with adolescents aged 13 or older it has been found that the influence of parental 
smoking is less important than that of friends’ smoking on smoking onset (e.g., Gilman et 
al., 2009). Finally, in contrast to our expectations, no-interaction effects between 
self-efficacy and quality and frequency of communication, smoking behavior of parents, 
sibling, and friends were found. Refusal self-efficacy appears to be independent of the 
frequency and quality of parental communication and parents’, friends’ and sibling 
smoking.
Strengths, Limitations, and Implications 
This study has several strengths. A longitudinal design was used, and by conducting 
survival analyses, the timing of smoking onset was taken into account as well as the 
non-occurrence of an event (censoring). However, some limitations of this study should 
also be acknowledged. First, adolescents had to report about own smoking behavior and 
about smoking by their friends’ and best friends. Although previous research has shown 
that self-report data about smoking (e.g., Dolcini, Adler, Lee, & Bauman, 2003) and 
adolescents’ reports about friends’ smoking habits (e.g., Harakeh et al., 2007) are generally 
reliable, multi-informant data would have been more complete. Second, by using survival 
analyses, adolescents with a history of smoking at the first assessment were excluded 
from the analyses. Early initiators differed from never smokers at the first assessment with 
respect to self-efficacy, environmental smoking, frequency of communication and quality 
of communication (Table 1). The mechanisms underlying smoking onset might differ for 
those who start early in adolescence as compared to those who start in mid- or late 
adolescence. It is therefore relevant to stress that conclusions of this study can only refer 
to adolescents who started smoking in mid- or late adolescence. Replications of this study 
should preferably include a younger cohort of children or adolescents to test whether the 
effects would remain significant in a younger group. Although we used data over a 
relatively long period of time, a prospective study that would cover the pre-adolescence 
period, adolescence, and young adulthood, would be very interesting. Third, it is possible 
that our findings are affected by selective drop-out, as attrition analyses showed that 
adolescents with lower education and more smoking friends were more likely to drop-out 
of the study. Lower education level (Hanson & Chen, 2007) and more smoking friends 
(Hoffman et al., 2006; Kobus, 2003) are associated with higher levels of smoking, so caution 
is warranted when interpreting and generalizing our findings. Nevertheless, selective 
94
CHAPTER 4
drop-out in our study was limited. Finally, generalizability to the larger population was 
limited since we only included intact families from Dutch origin (i.e., mother, father, and 
two children). Previous studies have shown higher smoking prevalence rates in adolescents 
from single-parent rather than two-parent families (Brown & Rinelie, 2010; Lonczak, 
Fernandez, Austin, Marlatt, & Donavan, 2007).
 In sum, the current findings showed that smoking initiation risks were quite similar 
throughout mid- and late adolescence and that refusal self-efficacy is an important 
longitudinal predictor of smoking onset and self-efficacy is independent of smoking-spe-
cific communication and smoking behavior of parents, sibling, and (best) friend(s). The 
results imply the importance of prevention programs that focus on teaching skills for 
resisting social pressure to use tobacco by helping adolescents to develop personal self-
management and social skills (e.g., Life Skills Training: Botvin, Griffin, Paul, & Macaulay, 
2003). Such interventions, with a recurrent character, could contribute to lower smoking 
onset rates in adolescents.
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CHAPTER 5
Abstract
Although environmental smoking (i.e., paternal and maternal smoking, sibling smoking, 
and peer smoking) is one of the most important factors for explaining adolescent smoking 
behavior, not all adolescents are similarly affected. The extent to which individuals are 
vulnerable to smoking in their environment might depend on genetic factors. The aim of 
this study was to examine the interplay between environmental smoking and genes 
using the dopaminergic system (i.e., DRD2, DRD4, and DAT1 genotypes) in adolescent 
smoking onset. Data from two longitudinal studies were used. Study 1 consisted of 991 
non-smoking early adolescents (mean age = 12.52, SD = .57) whereas study 2 consisted of 
365 non-smoking middle to late adolescents (mean age = 14.16, SD = 1.07) who were 
followed for 16 and 48 months, respectively. Logistic regression analyses were conducted 
using Mplus. In study 1, we found positive associations between parents’ and friends’ 
smoking at the first measurement and smoking status 16 months later. In study 2 we found 
a positive association between friends’ smoking and smoking onset 48 months later. 
Neither study demonstrated any interaction effects of the DRD2, DRD4, or DAT1 genotypes. 
In conclusion, the effects of environmental smoking on smoking onset are similar for 
adolescent carriers and non-carriers of these specific genes from the dopaminergic 
system.
103
5
GENES, ENVIRONMENT & SMOKING
Introduction
Despite the disturbing consequence of tobacco use, thousands of young people start 
smoking each day (WHO, 2011). Several studies have shown that environmental factors 
(e.g., parental, sibling, and peer smoking) are consistent predictors of juvenile smoking. A 
recent meta-analysis (Leonardi-Bee Jere, & Britton, 2011) of 58 studies revealed that 
parental and sibling smoking increased the risk for child and adolescent smoking. Children 
whose parents both smoke are almost three times more likely to start smoking, and 
smoking by a sibling doubles the risk of adolescent smoking (Leonardi-Bee et al., 2011). 
Regarding peer influences, reviews showed a strong association between friends’ smoking 
and adolescent smoking. Adolescents with smoking friends are more likely to smoke than 
those with only non-smoking friends (e.g., Kobus, 2003; Hoffman, Sussman, Unger, & 
Valente, 2006; Simons-Morton & Farhat, 2010).
 Yet adolescents are not identically affected by their environment (Urberg, Luo, Pilgrim, 
& Degirmencioglu, 2003). Genetic factors might underlie inter-individual differences in 
the susceptibility to environmental smoking, suggesting possible gene-environment 
interactions (e.g., Plomin, DeFries, & Loehlin, 1977). The combination of specific genotypes 
and social contexts might trigger certain phenotypes (e.g., smoking initiation) (Shanahan 
& Hofer, 2005). Using twin data, White, Hopper, Wearing, & Hill (2003) showed that 
heritability factors affect adolescent smoking through an effect on the choice of friends. 
Another twin study showed that adolescents who are genetically predisposed to start 
smoking are also more susceptible to best friends’ smoking (Harden, Hill, Turkheimer, & 
Emery, 2008). These twin studies suggest an interaction between environmental smoking 
behavior and genetic factors, but they failed to provide information on the specific genes 
involved. For parental and sibling smoking, no previous behavioral genetic interaction 
studies on smoking were found.
 Molecular genetic studies on smoking have focused on the genes from the 
dopaminergic system as nicotine increases dopaminergic activity in the brain, thereby 
resulting in feelings of pleasure or reward (Corrigall, Franklin, Coen, & Adamson, 1992). 
Important functions of the dopaminergic system are the activation of postsynaptic 
receptor neurons (i.e., dopamine receptors) and dopamine reuptake by presynaptic 
neurons (i.e., dopamine transporters). Candidate genes involved in dopaminergic neuro-
transmission are the dopamine receptor D2 and D4 and the dopamine transporter gene 
DAT1 (Rossing, 1998). Review studies and meta-analyses on the direct relation of 
dopaminergic system on smoking initiation showed mixed results. For the DRD2 genotype, 
a weak association was found between DRD2 and adolescent smoking initiation (e.g., 
Munafò, Clark, Johnstone, Murphy, & Walton, 2004; Munafò, Timpson, David, Ebrahim, & 
Lawlor, 2009). For the DRD4 (e.g., Laucht, Becker, El Faddagh, Hohm, & Schmidt, 2005; 
Laucht et al., 2008; Shields et al., 1998) and DAT1 genotypes (e.g., Munafò et al., 2004; Ling, 
Niu, Feng, Xing, 2004; Schmid et al., 2009), some studies showed a positive association 
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whereas others did not. It has been suggested that genetics are likely to play a direct and 
profound role in more persistent and progressive stages of smoking, when the sensitization of 
dopaminergic pathways (through repetitive exposure of nicotine) has occurred (Berridge, 
2007). Although behavioral genetic studies have supported this assumption (e.g., 
Koopmans, Slutske, Heath, Neale, & Boomsma, 1999; Vink, Willemsen, & Boomsma, 2005; 
White et al. 2003), a recent review of molecular studies concentrating on the effects of a 
specific polymorphism in the dopaminergic system (i.e., DRD2) found no effects or mixed 
effects on progressive stages of smoking (Munafò et al., 2009). Hence, the supposed direct 
link between genes from the dopaminergic system and smoking is not well-established.
 The lack of consistent evidence for direct effects of genetic polymorphisms on 
smoking onset does not rule out the idea that dopamine genes relate to smoking initiation 
indirectly through an increased susceptibility to environmental factors. Inter-individual 
genetic variation might cause people to react differently to environmental smoking. To 
our knowledge, no molecular interaction studies between environmental smoking and 
genes from the dopaminergic system on smoking initiation have been conducted. This 
study will fill this gap by concentrating on the environment and genetic effects as well as 
their interplay on smoking initiation by means of a longitudinal design. Based on the 
literature, we expect environmental smoking to affect genetically predisposed children to 
start smoking. There are two potentials pathways through which these effects might 
operate. First, it could be that some children are more susceptible to rewards in general. 
Previous research has demonstrated that children with smoking parents react stronger to 
smoking-related cues than children of non-smoking parents (even if they have never 
smoked) (Lochbühler, Otten, Voogd, & Engels, 2012), indicating that children of smoking 
parents develop automatic cognitive responses in the form of attention toward smoking. 
The DRD4 risk allele has been found to be related to attentional bias (Hutchison, LaChance, 
Niaura, Bryan, & Smolen, 2002; Munafò & Johnstone, 2008). We expect that carriers of the 
DRD4-risk allele to be more likely to be sensitive for an attentional bias to smoking and 
subsequent smoking initiation when exposed to smoking behavior in their environment. 
Second, molecular genetic studies have shown that the dopaminergic system is related to 
novelty seeking (DRD4: Laucht et al., 2005; Munafò, Yalcin, Willis-Owen, & Flint, 2008; DRD2: 
Noble et al., 1998; DAT1: Kazantseva, Gaysina, Malykh, & Khusnutdinova, 2009; Mata, Hau, 
Papassotiropoulos, & Hertwig, 2012) and impulsivity (DRD4: Munafò et al., 2008; DRD2: 
Kawamura et al., 2013; DAT1: Mata et al., 2012). Therefore, some risk allele carriers might be 
more likely to show elevated levels of novelty seeking or impulsivity and in turn be more 
likely to start smoking when in a context with people who smoke and cigarettes are 
readily available.
 The current study examined the interactions between environmental smoking (e.g., 
parental smoking, sibling smoking, and smoking by peers) and the dopamine receptor 
genes DRD2 and DRD4 as well as the dopamine transporter gene DAT1 on the relationship 
with smoking initiation. Two independent longitudinal data sets were used to allow for a 
105
5
GENES, ENVIRONMENT & SMOKING
replication of the results, which is essential to gain insights into the consistency of findings 
(e.g., Moffit, Caspi, & Rutter, 2006).
Methods
Procedure
Study 1
Data were derived from a longitudinal study focusing on genetic and environmental 
influences on substance use among Dutch adolescents. Schools in the Eastern and 
Southern part of the Netherlands were sent study information and were then called and 
asked to participate. Twenty-two schools agreed to participate. In 2010, the principal 
investigator (MK) visited every school to provide all children in the first year of high school 
with information on the study. Children who wanted to participate were asked to provide 
a consent form that they had signed as well as at least one of their parents/guardians. In 
total, 1,399 adolescents were recruited. During each wave, the participants completed an 
online or paper-and-pencil questionnaire during school hours. Students were explicitly 
instructed that all questions were about their regular patterns, unless otherwise stated. 
The study consisted of five waves (T1 through T5), and 1,360 (T1), 1,230 (T2), 1,183 (T3), 1,188 
(T4), and 1,099 (T5) adolescents participated in each wave (response rate of 78.1% across all 
five waves). Time intervals between the waves were approximately four months. At T1, 
saliva samples were collected for DNA extraction (Oragene, DNA Genotek Inc.). Due to 
limited financial resources, 1,210 adolescents were genotyped at T1; 4 participants could 
not be genotyped. The design for this study was evaluated and ethically approved by an 
independent medical ethical committee (METiGG, Utrecht, The Netherlands). At the end 
of the study, all participants received a small gift, and at each wave gift certificates were 
raffled.
Sample characteristics 
At baseline, 991 never smoking adolescents were selected. Table 1 shows the baseline 
characteristics. Logistic regression analysis showed that non-selected genotyped smokers 
(n = 200), compared to selected genotyped non-smokers (n = 991), were less likely to 
be girls (OR = .60, 95% CI = .40-.89, p = .01), were less educated (OR = .89, 95% CI = .81-.98, 
p = .02), and had more smoking friends (OR = 2.86, 95% CI = 1.85-4.44, p < .001), smoking 
best friends (OR = 2.39, 95% CI = 1.79-3.21, p < .001), and smoking siblings (OR = 2.65, 95% 
CI = 1.64-4.27, p < .001).
Study 2
Data were used from five yearly waves of the longitudinal Dutch “Family and Health” study 
(e.g., Harakeh, Scholte, de Vries, & Engels, 2005). Addresses of 5,062 families consisting of a 
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father, a mother, and two adolescents aged 13 to 16 years were selected from 22 
municipality registers. A letter was sent to these families, asking them to participate in this 
study. In total, 885 families were interested and gave informed consent. From these 
families, 765 met the inclusion criteria (i.e., parents were married or were living together 
and all family members had to be biologically related). Due to limited financial resources, 
a further selection was made of 428 families to obtain an equal division of education and 
number of sibling dyads (i.e., 108 boy–boy, 118 boy–girl, 106 girl–girl, and 96 girl–boy).
 An interviewer visited the families in their homes between November 2002 and April 
2003 (T1). During these visits, each family member was asked to complete a questionnaire. 
Respondents were asked to sit separately and not talk to one another about the questions 
to ensure anonymity. Attrition was low. The number of participating families was 416 (T2), 
404 (T3), 356 (T4), and 326 (T5), which is a response rate of 76% across all five waves. If all 
four family members filled out the questionnaire, the family received €30 per wave. At T4, 
DNA samples were collected by means of saliva (Oragene; DNA Genotek Inc., Ottowa, ON, 
Canada). Three hundred eleven families agreed to provide genetic data. Parental consent 
was obtained for all participating adolescents, and the research design for this study 
was approved by the independent medical ethics committee METiGG in Utrecht, the 
Netherlands (research 6209).
Sample characteristics
At baseline, 365 never smoking adolescents were selected (165 older and 200 younger 
adolescent siblings). Table 1 shows the baseline characteristics. Logistic regression analysis 
indicated that, compared to genotyped non-smokers (n = 365), adolescents who were 
genotyped smokers (n = 254) were older (OR = 1.26, 95% CI = 1.03-1.53, p = .02), and more 
likely to have smoking friends T1 (OR = 1.97, 95% CI = 1.26-3.07, p = .003), smoking best 
friends (OR = 3.31, 95% CI = 2.44-4.48, p < .001), and smoking siblings (OR = 3.11, 95% 
CI = 2.27-4.25, p < .001).
Measures
 Adolescent smoking. At each wave, the adolescents indicated, on a nine-point scale, which 
stage of smoking applied to them. Response categories ranged from 1 = “I have never smoked, 
not even one puff” to 9 “I smoke at least once a day” (Kremers, Mudde, & de Vries, 2001). For 
logistic regression analyses, these responses were recoded to non-smoker = 0 (never smoking) 
and smoker = 1 (any experience with lifetime smoking) (cf., Harakeh et al., 2005).
 Paternal and maternal smoking. In study 1, adolescents used an eight-point scale to 
indicate which stage of smoking applied to their parents. Response categories ranged 
from 1 = “My father/mother have never smoked” to 8 = “My father/mother smokes more 
than 31 cigarettes a day”. In study 2, both parents were asked to report which stage of 
smoking applied to them using the same scale as the adolescents (Kremers et al., 2001). 
One of the nine responses was less appropriate for adults (i.e., “I have tried smoking once 
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Table 1   Baseline Characteristics of Study 1 and Study 2. Values are numbers 
(percentage) unless stated otherwise
Study 1 (n = 991) Study 2 (n = 365)
Gender
  Boys 465 (46.9) 175 (47.9)
  Girls 526 (53.1) 190 (52.1)
Age (mean (SD)) 12.52 (.57) (11-15) 14.16 (1.07) (13-16)
Ethnicity
  Dutch 958 (96.7) 348 (98)
  Other 33 (3.3) 7 (2)
Educational level*
  Low 535 (53.9) 80 (22.2)
  Middle 312 (31.5) 148 (41.1)
  High 143 (14.5) 131 (36.4)
Adolescent smoking T2
  Smoker 55 (6.3) 58 (16.1)
  Non-smoker 821 (93.7) 302 (83.9)
Adolescent smoking T3
  Smoker 89 (10.7) 87 (24.2)
  Non-smoker 744 (89.3) 272 (75.8)
Adolescent smoking T4
  Smoker 117 (14.1) 128 (35.7)
  Non-smoker 715 (85.9) 231 (64.3)
Adolescent smoking T5
  Smoker 140 (17.9) 127 (39.1)
  Non-smoker 641 (82.1) 198 (60.9)
Smoking mother T1
  Never smoked 570 (58.4) 103 (28.3)
  Former smoker 242 (24.8) 195 (53.6)
  Current smoker 164 (16.8) 66 (18.1)
Smoking father T1
  Never smoked 462 (47.9) 95 (26.4)
  Former smoker 268 (27.8) 194 (53.9)
  Current smoker 235 (24.4) 71 (19.7)
Smoking sibling T1 
   Having no smoking  
sibling(s) 
818 (90.5) -
   Having one or more 
smoking sibling(s)
86 (9.5) -
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in a while”) and was omitted (cf., Harakeh et al., 2005). In both studies, the answers were 
recoded into three categories: 1 = “never smoked”, 2 = “former smoker”, and 3 = “current 
smoker” (cf. de Leeuw, Scholte, Vermulst, & Engels, 2010).
 Sibling smoking. In study 1 adolescents were asked two questions related to how many 
of their siblings were smoking. Response categories ranged from 0 = “None of my 
brothers/sisters smokes” to 4 = “Four of my brothers/sisters smoke”. The answers of both 
questions were summed up and dichotomized into 0 = “Having no smoking sibling(s)” 
and 1= “Having one or more smoking sibling(s)”. In study 2, the same question the target 
adolescent was asked for their sibling (Harakeh, Engels, Vermulst, de Vries, & Scholte, 2007), 
and the responses were recoded into three categories: 1 = “never smoked”, 2 = “former 
smoker”, and 3 = “current smoker” (cf. de Leeuw et al., 2010).
 Friends’ smoking. In both studies, adolescents were asked whether their friends 
smoked: “How many of your friends smoke?” Response options were 1 = “no one”, 2= “less 
Table 1   Continued
Study 1 (n = 991) Study 2 (n = 365)
Smoking sibling T1 
  Never smoked - 272 (74.7)
  Former smoker - 66 (18.1)
  Current smoker - 26 (7.1)
Smoking friends T1
  Having no smoking friends’ 786 (79.3) 192 (52.9)
  Having smoking friends’ 205 (20.7) 171 (47.1)
Smoking best friend T1
  Never smoked 936 (94.5) 254 (72.8)
  Former smoker 18 (1.8) 72 (20.6)
  Current smoker 37 (3.7) 23 (6.6)
DRD2
  Non-risk (A2A2) 633 (64.1) 254 (69.8)
  Risk (A1A2/A1A1) 355 (35.9) 110 (30.2)
DRD4
  Non-risk (< 7 repeats) 620 (63.3) 215 (59.2)
  Risk (≥ 7 repeats) 360 (36.7) 148 (40.8)
DAT1
  Non-risk (8/10, 10/10, 10/11) 578 (58.6) 209 (58.2)
  Risk (9/9, 9/10, 9/11) 408 (41.4) 150 (41.8)
Note. *Low = preparatory school for technical and vocational training, Middle = intermediate or general 
education, high = preparatory college and university education
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than half”, 3 = “half”, 4 = “more than half”, and 5 = “all of them”. Answers were dichotomized 
into 0 = “Having no smoking friends” and 1 = “Having smoking friends” (de Leeuw, Engels, 
Vermulst, & Scholte, 2009).
 Best friends’ smoking. In study 1 the same question about the maternal or paternal 
smoking behavior was asked about best friends. In study 2 respondents were asked to 
indicate on an eight-point scale which stage of smoking applied to their best friends 
(Harakeh et al., 2007). Responses ranged from 1 = “My best friend has never smoked, not 
even one puff” to 8 = “My best friend smokes at least once a day”. In both studies the 
answers were recoded into three categories: 1 = “never smoked”, 2 = “former smoker”, and 
3 = “current smoker” (cf. de Leeuw et al., 2010).
Genotyping
Study 1
 DRD2. For the DRD2 TaqI A C >T polymorphism (rs1800497) ready-made Taqman 
Allelic Discrimination assays were ordered (Taqman Allelic Discrimination ID: DRD2 
(rs1800497), C_7486676_10, reporter 1: VIC-A-Allele, forward assay). Genotyping for the 
polymorphisms DRD2 (rs1800497) was carried out in a volume of 5 µl containing 10 ng of 
genomic DNA, 1x Taqman Mastermix (2x; Applied Biosytems, Nieuwerkerk a/d Ijssel, The 
Netherlands) and 0.5x Taqman assay (40x). Each amplification for the Taqman Allelic 
Discrimination assays C_7486676_10 and C_8950074_1_ was performed by an initial 
denaturation at 95°C for 12 minutes, followed by 40 cycles of denaturation at 92°C for 15 
seconds and annealing/extension at 60°C for 1 minute; this was carried out on a 7500 Fast 
Real-Time PCR System. Genotypes were scored using the algorithm and software supplied 
by the manufacturer (Applied Biosystems). Hardy–Weinberg equilibrium (HWE) 
proportions were estimated from the parental genotype information. No deviations from 
HWE were detected (p = .71). To maximize the power, the DRD2 genotype was dummy 
coded into 1 non-risk (A2A2) and 2 risk (A1A2 and A1A1) (cf. Munafò et al., 2009).
 DRD4. The 48-base-pair direct repeat polymorphism in DRD4 was genotyped with 
PCR on 10 ng genomic DNA using 0.5 μM fluorescently labeled forward primer (VIC-5’-
GCGACTACGTGGTCTACTCG-3’) and reverse primer (5’-AGGACCCTCATGGCCTTG-3’), 1x GC 
buffer I TaKaRa (Westburg, Leusden, The Netherlands), 0.4 mM of dNTPs TaKaRa (Westburg, 
Leusden, The Netherlands), 1M of Betaïne, and 0.05 U of TaKaRa LA Taq (Westburg, Leusden, 
The Netherlands). The cycling conditions for the polymerase chain reaction started with 1 
minute at 94°C, followed by 35 cycles of 30 seconds at 94°C, 30 seconds at the optimized 
annealing temperature (58°C), and 1 minute at 72°C, then followed by an extra 5 minutes 
at 72°C. The product of the amplification was diluted in H2O at a ratio of 1:1. HWE 
proportions were estimated, and no deviations from these proportions were found (p = 
.53). The DRD4 genotype was dummy-coded into two categories: 1 non-risk (short allele, 
fewer than 7 repeats) and 2 risk (7-repeat allele carriers (or more), at least one long allele) 
(cf. Laucht et al., 2005).
110
CHAPTER 5
 DAT1. The 40-base-pair VNTR in the SLC6A3 (DAT1) gene was genotyped with 30 ng 
Genomic DNA as the template. PCR was performed with 1x AmpliTaq Gold® 360 Master 
Mix (Life Technologies) and 0.33 mM of fluorescently labeled forward primer (NED- 5’- 
TGTGGTGTAGGGAACGGCCTGAG-3') and reverse primer (5'-CTTCCTGGAGGTCACGGCT-
CAAGG-3') in a total volume of 15 µl. Amplification was performed using the following 
protocol: 95°C for 10 minutes followed by 35 cycles of denaturation for 30 seconds at 95°C, 
30 seconds of annealing at 58°C, and primer extension at 72°C for 1 minute, followed by a 
final extension at 72°C for 10 minutes. The product of the amplification was diluted in H2O 
at a ratio of 1:1. HWE proportions were estimated, and no deviations from these proportions 
were found (p = .40). The DAT1 genotype was dummy coded into 1 non-risk (8/10, 10/10, 
and 10/11) and 2 risk (9/9, 9/10, and 9/11) (cf. Lerman et al., 1999).
Study 2
DRD2, DRD4, and DAT1 were genotyped in almost the same manner as in study 1. HWE 
proportions were estimated, and no deviations were found (p = .12 for DRD2, p = .87 for 
DRD4, p = .40 for DAT1).
Analyses
Descriptive statistics for study 1 and study 2 were calculated using SPSS 19.0. Logistic 
regression analyses in Mplus (Muthén & Muthén, 1998-2007) were used to examine the 
associations between environmental smoking and smoking onset as well as the 
moderating role of the specific dopamine genotypes in this relationship. For every 
separate combination of environmental smoking factors and dopamine genotypes, 
logistic regression analyses were conducted, resulting in a total of 15 for study 1 and 15 for 
study 2. In a first step, we tested whether potentially important covariates (i.e., age, gender, 
education) were related to smoking status at T5. In the second step, the environmental 
smoking at T1 (i.e., paternal and maternal smoking, sibling smoking, or (best) friend(s’) 
smoking, respectively) and the dopamine genotype (i.e., DRD2, DRD4, or DAT1, respectively) 
were added to the model. In the third step, the interaction terms between the specific 
environmental smoking variable and the dopamine gene of interest were entered.6
 Data from study 1 were nested within schools (N = 22) while data from study 2 were 
nested within families (i.e., oldest and youngest siblings (N = 428)). To correct the standard 
errors of the parameters estimated for dependency, the CLUSTER command in combination 
with the TYPE = COMPLEX procedure in Mplus was used (Muthén & Muthén, 1998-2007). 
The parameters in the model were estimated using the Maximum Likelihood estimator with 
robust stand errors (MLR) as smoking onset was skewed. Due to the number of tests, we 
used a Bonferonni correction. Results were considered significant if the p-value was ≤ .003.
6 Interaction effects were also examined in a multivariate analysis controlling for all environmental smoking 
factors (i.e., paternal and maternal smoking, sibling smoking, and (best) friend(s’) smoking). The results did 
not show differences compared with the separate analyses per environmental smoking factor.
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Results
Descriptives and correlations
Table 2 shows the Pearson’s correlations of the model variables. In study 1 we found that 
maternal and paternal smoking at T1 was positively related to adolescent smoking at T2 
through T5. For sibling smoking at T1, only a positive relation with adolescent smoking at 
T2 was found. For smoking behavior of friends and best friends, a positive relation with 
adolescent smoking at T2 through T5 was found. No associations between the DRD2, 
DRD4, and DAT1 genotypes and adolescent or environmental smoking were found.
 In study 2, maternal smoking at T1 was positively associated with adolescent smoking 
at T2 and T4. For paternal smoking at T1, no association with smoking onset was found. 
Sibling smoking and friends’ smoking at T1 were both positively correlated with adolescent 
smoking at T2 to T5. Best friends’ smoking at T1 was positively associated with adolescent 
smoking at T2. Paternal and maternal smoking behavior at T1 were negatively associated 
with the DAT1, indicating that the risk DAT1 genotype was associated with lower levels of 
parental smoking.
Logistic regression analyses
Study 1
Table 3 shows the results of the fifteen logistic regression analyses. In step 1, we found that 
higher levels of education were associated with lower likelihoods for smoking onset at T5. 
In step 2, we found that maternal and friends’ smoking at T1 was positively related to 
adolescent smoking onset at T5. A significant direct effect of DRD4 was found in the 
analysis corrected for sibling smoking. For DRD2 and DAT1, no direct effects on smoking 
onset were found. In step 3, no significant interactions were found between the 
environmental smoking variables and the DRD2, DRD4, or DAT1 genotypes.
Study 2
Table 4 shows the results of study 2. In step 1, no significant effects were found for age, 
gender, or education. In step 2, we found a significant trend of friends’ and sibling smoking 
on adolescent smoking. No significant effects were found for paternal, maternal, and best 
friends’ smoking. Moreover, no significant effects were found for the dopamine genotypes. 
Finally, in step 3, no significant interaction effects were found.
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Discussion
The present study tested the interactions between environmental smoking (i.e., paternal 
and maternal smoking, sibling smoking, peer smoking) and the dopamine receptor genes 
DRD2 and DRD4 as well as the dopamine transporter gene DAT1 on smoking initiation 
using two independent data sets of early and middle-to-late Dutch adolescents. Various 
environmental factors (i.e., maternal, friends, and sibling smoking) were related to 
adolescent smoking onset. No direct effects of any of the genes were found, except for a 
small effect of the DRD4 genotype when controlling for sibling smoking, making it not a 
very robust effect. No support was found for any interaction effects.
 In line with the literature, we found that environmental smoking increases the 
likelihood that children start smoking. Study 1 shows that maternal and friends’ smoking 
behavior at T1 is associated with adolescent smoking at T5. Study 2 shows a bivariate 
correlation between siblings and friends smoking at T5—an effect that almost disappeared 
in the multivariate regression analyses because of the Bonferonni correction. The results 
are comparable with previous studies showing that parental smoking (e.g., Leonardi-Bee 
et al., 2011) and friends’ smoking (e.g., Kobus, 2003; Hoffman et al., 2006; Simons-Morton & 
Farhat, 2010) are related with adolescent smoking onset. The different findings for the two 
samples could be due to the different age groups included. Vitaro, Wanner, Brendgen, 
Gosselinb, & Gendreau (2004) showed that the effects of environmental smoking differ 
per age group. In early adolescence, both parents and friends are important, whereas 
during late adolescence friends tend to become more influential. However, it should be 
noted that certain studies have demonstrated that parents and peers are similarly 
important throughout adolescence (Bricker et al., 2006; Bricker, Peterson, Sarason, 
Andersen, & Rajan, 2007; de Vries, Engels, Kremers, Wetzels, & Mudde, 2003; Engels, Vitaro, 
Den Exter Blokland, de Kemp, & Scholte, 2004). In sum, environment smoking is an 
important factor in explaining adolescent smoking onset, although more research on the 
timing of parent and peer smoking is necessary.
 In both study samples, no direct effects of the DRD2 or the DAT1 on smoking onset 
were found. For the DRD4 genotype an association was only found when controlling for 
sibling smoking. However, the bivariate correlation was also not significant. These results 
are in line with other studies showing weak effects for the DRD2 genotype and inconsistent 
evidence for the effects of the DRD4 and DAT1 genotypes on smoking (e.g., Munafò et al., 
2004; Munafò et al., 2009; Shields et al., 1998).
 Previous studies have suggested that it is important to focus on the interaction 
between genes and the environment (Plomin et al., 1977). However, we found no 
interaction effects between environmental smoking and genes from the dopaminergic 
system, indicating that effects of environmental smoking on smoking initiation are similar 
for carriers and non-carriers of the different genotypes. It seems as if smoking initiation is 
primarily instigated by a variety of environmental factors—of which environmental 
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smoking is an important one—and that genes from the dopaminergic system do not play 
a direct role or indirect role via an interplay with environmental factors. This is in line with 
behavioral genetic studies showing that shared environmental factors played a main role 
in smoking initiation, whereas in smoking persistence the influence of genetic factors 
increased (Koopmans et al., 1999; Vink et al., 2005; White et al., 2003). In addition to 
environmental smoking, it could also be that individual factors other than genes, such as 
personality, are important in relation to smoking onset and interact with environmental 
smoking. 
 In this study we concentrated on potential interaction effects between genes from 
the dopaminergic system and environmental smoking. Berridge and Robinson (1998, 
2003) distinguished in their incentive salience theory between the feelings of pleasure of 
smoking (“liking”) and the more obsessive craving processes (“wanting”). The neural 
substrates of the “liking” of smoking seem to be mainly located in opioid neurotransmis-
sion, whereas “wanting” is associated with dopaminergic neurotransmissions (Berridge, 
2003; Berridge & Robinson, 2003). Wanting is supposed to be the result of changed 
(sensitized) brain systems following smoking (Berridge & Robinson, 1998, 2003). To 
experience the dopamine-related craving of nicotine (“wanting”), one should have 
smoked a sufficient number of cigarettes on more than one occasion, which might make 
major dopaminergic involvement in smoking onset less likely. Alternatively, the “liking” of 
smoking has been suggested to become less important during the transition from 
smoking onset to regular smoking behavior. This would suggest that opioid-related 
pleasure effects of smoking might be more important in smoking onset (Berridge, 2003) 
and that a closer look at the interplay between genes from the opioid system and 
environmental smoking would render new GxE interactions that are predictive of smoking 
initiation. In sum, more research on genes from this system (e.g., OPRM1) and other 
systems, such as the serotonin system (e.g., 5-HTTLPR) (Gerra et al., 2005), is needed.
 In study 2, gene-environment correlations were found between maternal and paternal 
smoking T1 and DAT1.We have interpreted these results with caution as they were not 
consistent over time (i.e., only significant correlation in maternal and paternal smoking at 
T1, not at T2 through T5 (results not presented here)).
 In addition to the several strengths of our study, including the two independent 
longitudinal samples, some limitations should be acknowledged. First, in both samples 
adolescents reported on their own smoking behavior and environmental smoking. 
Although previous research has shown that self-report data about smoking (e.g., Dolcini, 
Adler, Lee, & Bauman, 2003) and report about others’ smoking (e.g., parental smoking: 
Harakeh, Scholte, de Vries, Engels, 2006, best friends’ smoking: Harakeh et al., 2007) are 
generally reliable, multi-informant data might have resulted in more accurate data. 
Second, adolescents with a history of smoking at the first assessment were excluded from 
the analyses. Analyses showed that the genotyped smokers were more likely to have 
smoking sibling and friends. Therefore, mechanisms underlying smoking onset might 
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differ for those who start early in preadolescence and those who start during adolescence. 
Our results could not be generalized to preadolescents or adults. However, the majority of 
people start smoking during adolescence (WHO, 2011). Future research should study early 
smoking initiation among preadolescent children (i.e., 9 to 11 years old).
 In conclusion, in the two independent samples we found that adolescent smoking 
onset is positively affected by environmental smoking. No evidence suggested a direct 
effect or interaction effect of the DRD2, DRD4, and DAT1 genotypes on the relationship 
between environmental smoking and smoking onset, indicating that carriers and 
non-carriers are equally affected by the smoking behavior of their environment. More 
studies are needed to increase the understanding of the interplay between genetics and 
environmental factors on adolescent smoking onset. Currently results indicate that it is 
important to focus on environmental smoking in smoking prevention.
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Abstract
Although only few studies have shown direct links between dopaminergic system genes 
and smoking onset, this does not rule out the effect of a gene-environment interaction on 
smoking onset. Therefore, the aim of this study was to examine the associations between 
smoking-specific parenting (i.e., frequency and quality of communication and house 
rules) and smoking onset while considering the potential moderating role of dopaminergic 
system genes (i.e., DRD2, DRD4, and DAT1 genotypes). Data from five annual waves of the 
‘Family and Health’ project were used. At time 1, the sample comprised 365 non-smoking 
adolescents (200 younger adolescents, mean age = 13.31, SD= .48; 165 older adolescents, 
mean age = 15.19, SD = .57). Advanced longitudinal analyses were used (i.e., logistic 
regression analyses, (dual) latent growth curves, and cross-lagged path models). The 
results showed a direct effect of quality of communication on smoking onset. No direct 
effects were found for frequency of communication and house rules. Furthermore, no direct 
and moderating effects of the DRD2, DRD4, or DAT1 genotypes were found. In conclusion, 
the findings indicated that the effects of smoking-specific parenting on smoking are 
similar for adolescent carriers and non-carriers of the dopaminergic system genes.
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Introduction
Tobacco use kills around six million people worldwide annually, being the leading 
preventable cause of death worldwide (WHO, 2011). Still, thousands of young people start 
smoking every day. In 2011, 7% of the 10-year-old Dutch children tried smoking. This rate 
increased to 12% for 12-year-old children, 42% for 14-year-old children, and 63% for 
18-year-old children (Stivoro, 2011). Preventing tobacco use is important because early 
smoking is a strong predictor of developing long-enduring smoking habits (e.g., Chassin, 
Clark, Pitts, & Sherman, 2000). Therefore, the present study focused on smoking initiation.
 Behavioral genetic studies with twin designs have shown a significant genetic 
component of different stages of smoking (e.g., Ho & Tyndale, 2007). The heritability has 
been estimated at 11-78% for smoking initiation, 28-84% for smoking persistence, and 
50-58% for smoking cessation (Ho & Tyndale, 2007). To investigate the genetic basis of 
smoking, molecular genetic studies have focused on specific genotypes (i.e., candidate 
gene studies). The central focus has been on the dopaminergic genes because of their 
role in the rewarding properties of nicotine (e.g., Corrigall, Franklin, Coen, & Adamson, 
1992). The consumption of nicotine activates the mesolimbic dopamine system and 
increases dopamine release in the brain, resulting in feelings of pleasure or reward. The 
mesolimbic pathway transmits dopamine from the ventral tegmental area (VTA) of the 
midbrain to the nucleus accumbens. In the nucleus accumbens, nicotine increases 
dopaminergic activity (e.g., Pierce & Kumaresan, 2006). The feeling of reward associated 
with the increase in dopamine release is one of the underlying mechanisms of the 
development of nicotine addiction. Activation of postsynaptic receptor neurons (i.e., 
dopamine receptor) and dopamine reuptake by presynaptic neurons (i.e., dopamine 
transporter) are important functions of the dopaminergic system. Ample studies have 
concentrated on genetic variations (polymorphisms) in three candidate genes, the 
dopamine receptors D2 (DRD2) and D4 (DRD4) as well as the dopamine transporter (DAT1).
 The DRD2 is located on chromosome 11 and contains a TaqIA1 C>T polymorphism (rs 
1800497). The DRD2 A1 allele has been associated with reduced dopamine D2 receptor 
availability and dopamine binding capacities in the brain, which may cause DRD2 A1 allele 
carriers to compensate for this reduced state of reward following the use of nicotine (e.g., 
Thompson et al., 1997). Several studies have examined the relationship between the DRD2 
A1 allele and smoking initiation. Three meta-analyses confirmed a small association 
between the DRD2 allele and smoking by reviewing 12, 13, and 21 studies (Li, Ma, & Beuten, 
2004; Munafò, Clark, Johnstone, Murphy, & Walton, 2004; Munafò, Timpson, David, 
Ebrahim, & Lawlor, 2009). Both reviews of Munafò et al. (2004; 2009) found limited but 
significant evidence for an effect of the DRD2 genotype on smoking initiation. Li and 
colleagues (2004) found a significant relationship between the DRD2 gentype and 
smoking, although they did not specifically look at studies on the smoking initiation 
phenotype.
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 The DRD4 7-repeat allele of a 48-base-pair variable-number-of-tandem-repeats 
(VNTR) polymorphism in exon III is located on chromosome 11. The DRD4 plays an 
important role in nicotine craving (Hutchison, LaChance, Niaura, Bryan, & Smolen, 2002). 
Research showed that long (≥ 7 repeats of the DRD4) rather than short (< 7 repeats) allele 
carriers are associated with decreased response to dopamine (Asghari et al., 1995). The 
long allele of the dopamine receptor gene has a lower potency to couple adenylyl cyclase, 
which is related to higher sensitivity to dopamine-related reward of nicotine (e.g., Asghari 
et al., 1995). To our knowledge, no reviews or meta-analyses examined the DRD4 genotype 
and smoking initiation. Gene-association research shows mixed results. For example, 
some studies have shown that the DRD4 long allele is associated with smoking (Laucht, 
Becker, El Faddagh, Hohm, & Schmidt, 2005; Laucht et al., 2008; Shields et al., 1998). 
Specifically, research indicates that African Americans with at least one long allele (6-8 
repeats) started smoking at an earlier age and smoked more frequently compared to 
carriers of the short allele (2-5 repeats) (Shields et al., 1998). This finding was replicated in a 
sample of European adolescents (Laucht et al., 2005). In addition, higher rates of smoking 
initiation were observed among those with long allele carries compared to those with 
other genotypes (Laucht et al., 2008). Nevertheless, other studies have reported no 
associations between DRD4 and smoking status (i.e., non-smoker, current smoker, and 
ex-smoker) (Babic, Nedic, Muck-Seler, Borovecki, & Pivac, 2012; Das, Tan, & Easteal, 2011; 
Huang et al., 2005). In addition to the direct effects on smoking, the effects of DRD4 on 
more indirect or proximal factors of smoking, such as smoking related cues have been 
shown (e.g., Munafò & Johnstone, 2008).
 The DAT1 transporter has a polymorphic 40-bp VNTR sequence located in the 3’ 
untranslated region, varying between 3 and 11 copies of which only 9- and 10-repeat alleles 
are common. The DAT1 is located presynaptically on dopaminergic neuron. It regulates the 
re-uptake of dopamine into presynaptic terminals, terminating dopaminergic neurotrans-
mission and maintaining dopamine homeostasis (Chen & Reith, 2000). The DAT-9 allele has 
been associated with a lower risk of early smoking onset and current smoking (Lerman et al., 
1999; Sabol et al., 1999; Schmid et al., 2009; Timberlake et al., 2006). However, these findings 
have not been replicated (Jorm et al., 2000; Vandenbergh et al., 2002). A meta-analysis of four 
studies (Jorm et al.,2000; Lerman et al., 1999; Sabol et al., 1999; Vandenbergh et al., 2002) by 
Munafò and colleagues (2004) did not show that DAT1 was related to smoking initiation. 
However, a recent study by Ling and colleagues (2004) on a single-nucleotide polymorphism 
(SNP) in the 3’-UTR of SCL6A3-9 (rs27072G4A) found that individuals with an A-allele were 
more likely to initiate smoking before the age of 18 compared to individuals without the 
A-allele. This result was not replicated in young adults (Schmid et al., 2009). Thus, the role of 
the DAT1 in smoking initiation has not been established.
 In summary, studies focusing on direct effects of genes on the first stages of smoking 
showed mixed results. Evidence suggesting that direct genetic effects become more 
substantial in later stages of addiction is more convincing (e.g., Koopmans, Slutske, Heath, 
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Neale, & Boomsma, 1999). The absence of direct associations between genetic 
polymorphisms and smoking onset does not rule out the possibility that dopamine 
receptor and transporter genes relate to smoking initiation indirectly (van der Zwaluw & 
Engels, 2009). Specifically, it might be possible that genetic effects are present in early 
stages of smoking, such that environmental effects are stronger for children with certain 
genetic predispositions, implying gene-environment (GxE) interactions (e.g., Plomin, 
DeFries, & Loehlin, 1977).
 Parenting has been considered as an important environmental factor predicting 
smoking initiation (Chassin et al., 2005). Recently, research has shifted attention from general 
parenting practices (e.g., (Chassin et al., 2005) to more proximal parenting behavior, i.e., 
anti-smoking socialization, as it can be easier for prevention and intervention programs to 
target such behavior (Chassin et al., 2005). Smoking-specific socialization comprises several 
parenting practices, such as discussing smoking related topics and setting rules not to 
smoke at home (e.g., Engels & Willemsen, 2004). Previous research showed that constructive 
and respectful communication about smoking (i.e., quality of communication) prevents 
smoking initiation among adolescents (e.g., Chassin et al., 2005, de Leeuw, Scholte, Vermulst, 
& Engels, 2010; Harakeh, Scholte, de Vries, & Engels, 2005; Otten, Harakeh, Vermulst, van den 
Eijnden, & Engels, 2007). Divergent findings have been found for frequency of communication. 
Some studies found no effects or an increased likelihood of smoking initiation (e.g., Harakeh 
et al., 2005; Ennett, Bauman, Foshee, Pemberton, & Hicks, 2001) while others reported a 
decreased likelihood of smoking initiation (e.g., Jackson & Henriksen,1997). Regarding smok-
ing-specific house rules, a review of Emory and colleagues (2010) revealed that house rules 
could prevent adolescents from starting to smoke.
 Although low levels of smoking-specific parenting increase the likelihood of smoking 
initiation, adolescents vary in their response to these parenting practices, which might 
indicate the presence of GxE interactions (Moffit, Caspi, & Rutter, 2006). The effects of 
smoking-specific parenting on adolescents with and without a genetic susceptibility to 
smoking initiation may differ. For instance, in a Finnish twin study, Dick and colleagues 
(2007) found that parental monitoring protected vulnerable adolescents from smoking. 
Significant genetic influence on adolescent smoking decreased whereas common 
environmental influences increased with higher levels of parental monitoring. However, to 
date, no candidate gene studies examined gene-parenting effects on smoking initiation. 
Studies on alcohol use revealed the effect of the interaction between the dopaminergic 
system DRD2 and parental rules (Pieters et al., 2012; van der Zwaluw et al., 2010) while other 
studies on cannabis use revealed the effect of the interaction between the DRD4 genotype 
and parental monitoring (Otten, Barker, Huizink, & Engels, 2012).
The present study
The present study examined the moderating effect of the dopaminergic system separately 
for the different genotypes (i.e., DRD2 and DRD4 receptor genes and dopamine transporter 
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gene DAT1) on the relation of specific aspects of smoking-specific parenting, such as 
frequency and quality of communication, with smoking-specific house rules and smoking 
initiation using a five-wave prospective design. In order to concentrate on smoking onset, 
we only selected adolescents with no history of lifetime smoking. As adolescent smoking 
is a developmental process comprising different stages (Mayhew, Flay, & Mott, 2000), 
parenting might also differ over time (de Leeuw et al., 2010). Therefore, longitudinal 
analyses were used to consider the development of parenting and adolescent smoking 
(i.e., development over time and bi-directional relations). We expected that the DRD2, 
DRD4, and DAT1 genotypes would moderate the association between smoking-specific 
parenting and smoking onset of adolescents. We expected that low levels of smoking-
specific parenting would only affect adolescents with a genetic susceptibility to smoking 
initiation.
Methods
Procedure
Data were drawn from five annual waves of the longitudinal Dutch ‘Family and Health’ 
study (e.g., Harakeh et al., 2005). We selected 5062 addresses of families comprising father, 
mother, and two adolescents aged 13-16 years from 22 municipality registers. These 
families were invited to participate in the study. From 885 families that responded to the 
invitation and gave their informed consent, 765 met the inclusion criteria (i.e., parents 
were married or were living together and all family members were biologically related). 
Because of limited financial resources, we selected 428 families with an equal division of 
education and an equal amount of sibling dyads (i.e., 108 boy-boy, 118 boy-girl, 106 
girl-girl, and 96 girl-boy).
 Between November 2002 and April 2003 (time 1 = T1), an interviewer visited the 
families in their homes and asked each member of the family to complete a questionnaire. 
To ensure anonymity, respondents were asked to sit separately and avoid talking to each 
other about the questions. Subsequently, four annual follow-up interviews were 
conducted. Overall, 416 (time 2 = T2), 404 (time 3 = T3), 356 (time 4 = T4), and 326 (time 5 
= T5) families participated at different time points, which reflects a high response rate of 
76% over four years. Families received €30 per wave if all four family members completed 
the questionnaires. At T4, DNA samples were collected by means of saliva (Oragene; DNA 
Genotek Inc., Ottowa, ON, Canada). Overall, 311 families agreed to provide genetic data. 
Parental consent was obtained for all adolescents who participated. The independent 
medical ethics committee METiGG in Utrecht, the Netherlands (research 6209), approved 
the research design for this study. 
 Attrition analysis showed that genotyped adolescents (n = 622) had a higher 
educational level compared to non-genotyped adolescents (n = 234) (OR = 1.34, 95% 
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CI = 1.12-1.61, p = .001). The results indicated no differences between genotyped and 
non-genotyped adolescents in age, gender, adolescent smoking at T1, frequency of 
communication at T1, quality of communication at T1, and house rules at T1.
Sample characteristics
At baseline, we only selected adolescents who never smoked and provided genetic data, 
resulting in 165 older adolescents and 200 younger adolescents. At baseline, older siblings 
were 14 to 16 years of age (M = 15.19, SD =.57) and younger siblings were 13 to 15 years of 
age (M = 13.31, SD =.48). Most adolescents were Dutch (Caucasian) (> 96%). Boys and girls 
were represented almost equally, with 44.0% of the younger and 52.7% of the older 
adolescents being boys.
Measures
 Adolescent smoking. Smoking behavior of both adolescents was assessed at each 
wave. Adolescents reported the stage of smoking that applied to them on a nine-point 
scale ranging from 1 (I have never smoked, not even one puff) to 9 (I smoke at least once 
a day) (Kremers, Mudde, & de Vries, 2001). For logistic regression, these responses were 
recoded to non-smoker = 0 (never smoking) and smoker = 1 (any experience with lifetime 
smoking) (e.g., Harakeh et al., 2005).
 Maternal and paternal smoking. At each wave, parents reported the stage of smoking 
that applied to them using the same scale as was used by the adolescents (Kremers et al., 
2001). However, one of the nine responses was less appropriate for them (i.e., ‘I tried 
smoking once in a while’); therefore, parents responded on an eight-point scale (cf. 
Harakeh et al., 2005). To address the skewness of the distribution of the data for eight 
categories and to establish a more robust measure of parental smoking, this variable was 
transformed to a new variable measured on a scale from 1 to 5 (1 = ‘I have never smoked, 
not even one puff’; 2 = ‘I tried smoking, I don’t smoke anymore’; 3 = ‘I stopped smoking, 
after smoking at least once a month’; 4 = ‘I smoke occasionally, but not every day’; 5 = ‘I 
smoke at least once a day’) (cf. Otten et al., 2007).
 Quality of smoking-specific communication. At each wave, the quality of communication 
was assessed using six items (per parent) reflecting a constructive and respectful way of 
communicating about smoking-related issues (e.g., ‘My mother/father and I are able to 
talk easily about our opinions concerning smoking’). Adolescents were asked to indicate 
answers that best applied to them on a 5-point scale ranging from 1 (completely not true) 
to 5 (completely true) (Engels & Willemsen, 2004). Cronbach’s alphas across waves ranged 
from .74 to .86 for the youngest adolescents and .80 to .88 for the oldest adolescents’ 
reports about their mother and from .80 to .88 for the youngest adolescents and .84 to .87 
for the oldest adolescents’ reports about their father. Fathers’ and mothers’ quality of 
communication correlated highly (r = .75 - .87, p < .001); therefore, we averaged the scale 
scores for father and mother (cf. de Leeuw et al., 2010).
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 Frequency of smoking-specific communication. Frequency of communication was 
assessed at each wave by averaging the scores of eight items assessing how often parents 
talked with their child about smoking related issues in the past 12 months (e.g., ‘During 
the last 12 months, how many times did your mother/father talk to you about how to 
resist peer pressure to use tobacco?’) on a 5-point scale ranging from 1 (never) to 5 (very 
often) (Engels & Willemsen, 2004; Harakeh et al., 2005), for an adapted Dutch version). 
Cronbach’s alphas across waves ranged from .87 to .89 for the youngest adolescents and 
.86-.90 for the oldest adolescents’ reports about their mother and from .89 to .91 for the 
youngest adolescents and .90-.91 for the oldest adolescents’ reports about their father. 
For frequency of communication, the scores of parents correlated highly (r = .65 -.75, 
p < .001); therefore, we averaged the scale scores (cf., de Leeuw et al., 2010).
 House rules. House rules were assessed at each wave by averaging the scores of five 
items assessing the existence of smoking-specific rules at home (e.g., ‘My parents and 
other adults are allowed to smoke indoors but children are not’, ‘At home, it is a rule that 
anyone who wants to smoke has to go outside’), which were measured on a 5-point scale 
ranging from 1 (completely not true) to 5 (completely true) (Engels & Willemsen, 2004). 
Cronbach’s alphas varied across waves, with values ranging from .74 to .82 for the youngest 
adolescents and .76 to .84 for the oldest adolescents.
Genotyping
 DRD2. The DRD2 TaqI A C >T polymorphism (rs1800497) was genotyped using Taqman 
analysis (assay ID: Taqman assay: C_7486676_10; reporter 1: VIC-A-allele, reverse assay; Applied 
Biosystems, Nieuwerkerk a/d IJssel, the Netherlands). Genotyping was conducted in a 
volume of 10 µl containing 10 ng of genomic DNA, 5 µl of Taqman Mastermix (2x; Applied 
Biosystems), .125 µl of the Taqman assay, and 3.875 µl of H2O. Genotyping was performed on 
a 7500 Fast Real-Time PCR System, and genotypes were scored using the algorithm and 
software supplied by the manufacturer (Applied Biosystems). To investigate the random 
genotyping error rate, the lab included five duplicate DNA samples per 96-wellplate, which 
were 100% consistent. In addition, four blanks, which were required to be negative, were 
included in each plate. Hardy–Weinberg equilibrium (HWE) proportions were estimated 
from parental genotype information using the Markov chain Monte Carlo approximation of 
the exact test implemented in the GENEPOP package version 3.3.54. No deviations from 
HWE were detected (p = .12). To maximize the power of the analyses, DRD2 genotype was 
dummy coded into 1 = non-risk (A2A2) and 2 = risk (A1A2 and A1A1) (cf., Munafò et al., 2009).
 DRD4. The 48-base-pair direct repeat polymorphism in DRD4 was genotyped by 
amplifying 10 ng of genomic DNA in a 10-μl volume with the following components: .05 
μM of fluorescently labeled forward primer VIC-5'-GCGACTACGTGGTCTACTCG-3' (Applied 
Biosystems, Nieuwerkerk a/d IJssel, The Netherlands), reverse primer 5'-AGGACCCTCATG-
GCCTTG-3', .4 mM of deoxynucleosidetriphosphates (dNTPs), and .5 U of La Taq (Takara, 
Lonza Verviers S.p.r.l., Verviers, Belgium). These were in a GC I buffer (Takara, Lonza Verviers 
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S.p.r.l.) with 1 M betaine. The cycling conditions for amplification included 1 min at 94 °C, 
35 cycles of 30 s at 94 °C, 30 s at 58 °C, and1 min at 72 °C, with an additional 5 min at 72 °C. 
The length of the alleles was determined by direct analysis of an automated capillary 
sequencer (ABI3730, Applied Biosystems, Nieuwerkerk a/d IJssel, The Netherlands). HWE 
proportions were estimated. No deviations from these proportions were found (p = .87). 
Participants’ DRD4 genotype was dummy coded into 1 = non-risk (short allele, fewer than 
7 repeats) and 2 = risk (7-repeat allele, at least one long allele) (cf., Laucht et al., 2005).
 DAT1. The 40-base-pair VNTR in the SLC6A3 (DAT1) gene was genotyped, as described 
by Michelhaugh et al. (2001). Genomic DNA (62.5 ng) was amplified with .4 μM of forward 
primer (5’-TGTGGTGTAGGGACGGCCTGAGAG-3’), reverse primer (5’-CCTTGAGCCGT-
GACCTCCAGGAA-3’), and .25 mM dNTPs 0.5 U Taq DNA polymerase (Invitrogen) in a PCR 
buffer containing 60 mM Tris-HCl (pH 8.5), 15 mM (NH4)2SO4, 10% DMSO (v/v), and 3.5 mM 
MgCl2. The cycling conditions for the PCR assay started with 5 min at 92 °C, followed by 35 
cycles of 1 min 92°C, 1 min at 58°C, and 1 min 72°C, and additional 5 min 72°C. PCR 
products were analyzed on a 2% agarose gel, producing bands at 443 bp (9 repeats), 483 
bp (10 repeats), or 523 bp (11 repeats). HWE proportions were estimated. No deviations 
from these proportions were found (p = .40). To maximize the power of the analyses, DAT1 
genotype was dummy coded into 1 = non-risk (8/10, 10/10, and 10/11) and 2 = risk (9/9, 
9/10, and 9/11) (cf., Lerman et al., 1999; Sabol et al., 1999).
Analyses
For the purpose of this study, we only included adolescents who had never smoked at 
baseline (N = 365; n = 200 younger adolescents and n = 165 older adolescents). The non- 
selected genotyped smokers (n = 254) were compared to the genotyped never smokers T1 
(n = 365). Logistic regression analysis showed that genotyped lifetime smokers were older at 
baseline (OR = 1.42, 95% CI = 1.20-1.69, p < .001), were more likely to have fathers who smoked 
(OR = 1.20, 95% CI = 1.02-1.40, p =.03), talked more often about smoking (OR = 1.66, 95% 
CI = 1.27-2.17, p < .001), reported lower quality of communication (OR = .34, 95% CI = .25-.48, 
p < .001), and were more likely to carry the DRD4 non-risk allele (OR = .57, 95% CI = .39-.85, 
p = .005) compared to genotyped never smokers. After calculating descriptive statistics, we 
used three blocks of analyses, logistic regression analyses, latent growth curves (LGC), and 
cross-lagged modeling, to examine the associations between parenting and smoking onset 
and the moderating role of the dopamine DRD2, DRD4, and DAT1 genotypes7. Logistic 
7 Genetic effects of the DRD2, DRD4, and DAT1 polymorphisms were also examined using a cumulative 
genetic score (i.e., a combination of the different dopaminergic risk alleles) (cf. Beaver & Belsky, 2012). Each 
polymorphism was assigned value 1 if at least one risk allele was present. The values for each genetic 
polymorphism were added to create an index of cumulative genetic risk (0-3). The distribution was as 
follows: no (0) risk allele = 81 (22.8%); 1 risk allele = 166 (46.6%); 2 risk alleles = 89 (25.0%); and 3 risk alleles 
= 20 (5.6%). Category 2 and 3 were combined because of the group with 3 risk alleles was small. The 0 risk 
allele group was compared with the 1 risk allele group and with the 2/3 risk allele group. The results did not 
show significant differences between groups.
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regression analyses were used to test the relation between parenting at T1 and smoking 
onset at T5. LGC were used to look at general trends of adolescent smoking (T2-T5) and 
parenting variables (T1-T5) over time. Cross-lagged modeling was used to asses specific 
relationships between parenting and smoking over time. These different statistical methods 
were used to ensure the integrity and robustness of our results. 
 Logistic regression analyses were conducted in SPSS 19.0 to examine the moderating 
effect of genes from the dopaminergic system on associations between parenting at 
baseline and smoking onset four years later. In the first step of the logistic regression 
analyses, we tested whether the covariates (i.e., age, gender, education, and smoking 
behavior of both parents) at T1 related to smoking status at T5. In the second step, a smok-
ing-specific parenting variable at T1 and one dopamine gene were added to the model. 
In the third step, interaction terms between one parenting variable at T1 and a gene from 
the dopaminergic system (e.g., frequency of communication T1*DRD4) were entered. 
 Latent growth curves were used in the second block of the analyses to describe 
normative developmental patterns of behaviors. Significant variance in the growth curve 
parameters (i.e., intercept and slope) indicated that individual growth patterns deviated 
from the average growth patterns. Subsequently, we examined the effects of parenting at 
T1 on the intercept and the slope of adolescent smoking and the moderating effect of 
dopamine genes on the link between parenting and adolescent smoking. Assuming that 
parenting also changes across time (de Leeuw et al., 2010), we used growth models for 
two parallel processes (i.e., dual growth curves). We used the intercepts and slopes of the 
different parenting variables to predict the intercept and slope of adolescent smoking and 
the other way around. Multiple group analyses were used to examine the moderating 
effect of the dopamine genes (i.e., non-risk versus risk genotype). Differences in the 
intercept and the slope parameters between the non-risk and risk genotypes were 
examined with a chi-square difference test by comparing a constrained model to the 
unconstrained model (i.e., intercept of adolescent smoking on slope of parenting, and 
intercept of parenting on slope of adolescent smoking).
 In the third and final block of analyses, we used cross-lagged modeling. Path analyses 
were used to test the longitudinal, bidirectional associations between each smoking-spe-
cific parenting strategy (T1-T5) and adolescent smoking (T2-T5) (see Figure 1) when 
controlling for covariates. A multigroup approach was used to examine the moderating 
role of the dopamine genes. To test the differences between the risk and non-risk 
genotype groups, different paths were constrained (i.e., stability paths, cross-lagged 
paths, stability and cross-lagged paths together). Differences in paths between the risk 
and non-risk genotype were examined again with a chi-square difference test.
 Our sample included both the oldest and youngest siblings of the 428 participating 
families. Our data were nested within families via the CLUSTER command in combination 
with TYPE = COMPLEX procedure in Mplus (Muthén & Muthén, 1998-2007). This method 
corrects for dependency that lead to unbiased standard errors of the estimated 
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parameters. Because smoking was skewed, the parameters in the model were estimated 
using Maximum Likelihood estimator with robust standard errors (MLR). The MLR estimator 
yielded robust chi-square values, which were first rescaled to standard chi-square values 
before computing the chi-square difference test (i.e., the Satorra-Bentler scaled chi-square). 
The fit of the models was assessed using chi-square values (df), Comparative Fit Index (CFI), 
Tucker-Lewis Index (TLI), and Root Mean Square Error of Approximation (RMSEA) 
(McDonald & Ho, 2002). Due to the number of tests, a Bonferonni correction was applied, 
and the results were adjusted to a p-value to ≤ .01
Results
Descriptives and correlations
Proportions of adolescents ever smoking at T2 through T5 were 16.8%, 24.7%, 35.7%, and 
39.1%, respectively. In total, 254 adolescents (69.8%) carried the non-risk DRD2 genotype 
(A2A2), 215 adolescents (59.2%) carried the non-risk DRD4 genotype (< 7 repeats), and 209 
adolescents (58.2%) carried the non-risk DAT1 genotype (other than 9 repeats).
 Table 1 shows the means (standard deviations) of all variables and Pearson’s correlations 
among them. Quality of communication was associated with lower smoking rates among 
adolescents at T2, T3, and T5 (-.12 ≤ r ≤ -.19, p < .01). Frequency of communication and 
house rules were not associated with adolescent smoking. DRD2 and DRD4 genotypes 
were not associated with adolescent smoking, quality and frequency of communication, 
house rules, and parental smoking. DAT1 genotype was negatively associated with 
house rules (r = -.12, p < .01) and positively associated with frequency of communication 
(r = .17, p < .01) but not with adolescent smoking, indicating that the risk DAT1 genotype 
was associated with lower levels of house rules and higher levels of frequency of 
communication.
Logistic regression analyses
Logistic regression analyses were used to examine the effects of smoking-specific 
parenting at time 1 on lifetime smoking at time 5 and the moderating roles of DRD2, DRD4, 
and DAT1 genotypes (see Table 2). No significant effects were found for the covariates 
(step 1) and parenting or the specific dopamine genes (step 2). Moreover, the analyses did 
not reveal significant interaction effects (step 3).
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Latent growth curves
First, we calculated separate latent growth curves for adolescent smoking and parenting 
variables. The relative fit indices were satisfactory for all variables (see Table 3). We found 
no support for a quadratic trend. For adolescent smoking, frequency of communication, 
and house rules, the analyses revealed significant mean levels and significant inter-individ-
ual variability in the intercept and slope. For quality of communication, only the intercept 
was significant. However, both inter-individual variances of the intercept and slope were 
significant, indicating that although the mean level of quality of communication may be 
stable, some individuals indeed show significant changes in quality of communication 
over time.
 Second, we examined the predictive value of parenting at T1 in relation to the 
intercept and slope of adolescent smoking and the moderating role of the dopamine 
genes (Table 4). The covariates were added in the first step, resulting in non-significant 
effects. In the second step, the dopamine genes and parenting at T1 were added. 
Subsequently, quality of communication related negatively to the intercept of smoking, 
indicating that higher quality of communication was associated with lower mean level of 
adolescent smoking. In step 3, we tested the interaction effects of the DRD2, DRD4, and 
DAT1 genotypes, but none were significant.
 Third, dual growth curves were calculated and the intercepts and slopes for the 
different parenting variables were used to predict the intercept and slope of adolescent 
smoking. The association between the initial values of quality of communication and 
adolescent smoking was significant (β = -.29, p < .001) (Table 5). Higher initial levels of 
adolescent smoking were associated with lower initial levels of quality of communication. 
Moreover, change in quality of communication was significantly associated with smoking 
initiation (β = -.48, p < .001). An increase in quality of communication over time related to 
a decrease in smoking initiation over time. Significant associations were found for initial 
values of parenting and change in parenting (frequency of communication: β = -.75, p < 
.001; quality of communication: β = -.28, p < .001; house rules: β = -.30, p < .001). Higher 
initial levels of parenting were associated with a decrease in parenting over time. 
Moderating effects of the DRD2, DRD4, or DAT1 genotypes were not found.
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Cross-lagged path model
Cross-lagged models were tested to assess the causal relationship between three smoking- 
specific parenting strategies and adolescent smoking separately. The findings from these 
analyses are presented in Table 6. Concerning the quality of communication model, 
cross-lagged associations demonstrated that quality of communication was related to a 
decrease in smoking (T1 → T2: b = -19, p < .01; T3 → T4: b = -11, p < .01; T4 → T5: b = -14, 
p < .01). For frequency of communication and house rules, no significant cross-lagged 
paths were found. High stability paths were found for all three smoking-specific parenting 
strategies and smoking over time.
 Multi-group analyses were conducted to examine whether the cross-lagged paths 
differed for risk and non-risk genotypes. No significant decreases in fit were found by 
constraining stability paths, cross-lagged paths, or both stability and cross-lagged paths. 
This implies that the structural paths did not differ significantly between adolescents 
carrying non-risk or risk genotype.
Table 5   Standardized estimates for the dual growth curve analyses between each 
smoking-specific parenting strategy and adolescent smoking controlled for 
age, gender, education, maternal and paternal smoking
Frequency of 
communication1
Quality of 
communication2
House
 rules3
Cross-lagged paths
S Smoking → I Parenting .05 (.07) -.04 (.07) -.004 (.06)
S Parenting → I Smoking  -.05 (.07) .03 (.08) .06 (.10)
Cross-sectional associations
I Smoking ↔ I Parenting .08 (.05) -.29 (.08)*** -.02 (.06)
S Parenting ↔ S Smoking .18 (.09)* -.48 (.08)*** .18 (.08)*
Stability associations
I Parenting ↔ S Parenting -.75 (.05)*** -.28 (.08)*** -.30 (.07)***
I Smoking ↔ S Smoking .13 (.11) .09 (.11) .10 (.10)
Note I = Intercept, S = Slope. 1(χ2 = 95.45 (56), p < .01, CFI/TLI = .96/.94, RMSEA = .04) 2(χ2 = 126.98 (56), p < .001, 
CFI/TLI = .95/.92, RMSEA = .06)  3(χ2 = 90.59 (56), p < .01, CFI/TLI = .98/.97, RMSEA = .04); *** p < .001, ** p < .01, * 
p < .05
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Discussion
The present study used advanced statistical techniques to test interactions between the 
dopamine receptor genes DRD2 and DRD4, dopamine transporter gene DAT1, and aspects 
of smoking-specific parenting (i.e., frequency and quality of communication, and smok-
ing-specific house rules) on smoking initiation using a five-wave prospective design. In 
line with other studies, we found that constructive and respectful communication about 
Table 6   Standardized estimates for the cross-lagged analyses between each 
smoking-specific parenting strategy and adolescent smoking controlled for 
age, gender, education, maternal and paternal smoking
Frequency of 
communication1
Quality of 
communication2
House
 rules3
Cross-lagged paths
Parenting T1 → Smoking T2 .06 -.19** -.06
Parenting T2 → Smoking T3 .09 -.04 -.05
Parenting T3 → Smoking T4 .11* -.11** .06
Parenting T4 → Smoking T5 -.04 -.14** -.01
Smoking T2 → Parenting T3 .07 -.07 .01
Smoking T3 → Parenting T4 .07 -.12* .07
Smoking T4 → Parenting T5 .14* -.01 .01
Cross-sectional associations
Parenting T2 ↔ Smoking T2 .03 -.15* .10
Parenting T3 ↔ Smoking T3 .003 -.13** .01
Parenting T4 ↔ Smoking T4 .14* -.16** .03
Parenting T5 ↔ Smoking T5 -.06 -.23*** .08
Stability paths
Parenting T1 → Parenting T2 .59*** .56*** .76***
Parenting T2 → Parenting T3 .54*** .61*** .78***
Parenting T3 → Parenting T4 .56*** .62*** .76***
Parenting T4 → Parenting T5 .49*** .69*** .80***
Smoking T2 → Smoking T3 .56*** .55*** .56***
Smoking T3 → Smoking T4 .69*** .68*** .70***
Smoking T4 → Smoking T5 .80*** .75*** .80***
Note. 1 χ2 = (df = 18, N =365) =69.50, CFI/TLI = .95/.76, RMSEA = .09; 2 χ2 =(df = 18, N =365)=  89.87, CFI/TLI = .94/.74, 
RMSEA = .11; 3 χ2 =(df =18, N=365) = 117.17, CFI/TLI = .95 / .73, RMSEA = .123; ***; p< .001, ** p < .01, * p < .05.
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smoking by parents could prevent children from smoking. No effects were found for 
frequency of communication, house rules, and smoking onset, as discussed elsewhere 
(e.g., de Leeuw et al., 2010).
 Furthermore, we did not find direct effects of the DRD2, DRD4, and DAT1 gentypes on 
smoking onset. This is in line with previous studies, which revealed weak effects of the 
DRD2 genotype and inconsistent evidence for the DRD4 and DAT1 genotypes (e.g., Munafò 
et al., 2004; Munafò et al., 2009; Shields et al., 1998). As previous studies on alcohol use 
found an interaction effect between parenting and dopaminergic system genes (e.g., 
Pieters et al., 2012; van der Zwaluw et al., 2010), we expected to find a similar interaction 
effect. However, we did not find any interaction effects of dopaminergic system genes 
with smoking-specific parenting, indicating that the relationships between smoking-spe-
cific parenting and smoking onset were similar for carriers and non-carriers of different 
genotypes. 
 One explanation for inconsistent findings regarding adolescent alcohol use and 
smoking may be that when it comes to smoking onset, peers are more influential than 
parents. Usually, the first experience with smoking cigarettes takes place in a peer context 
(Hahn et al., 1990), whereas the first experience with drinking alcohol occurs more often at 
home, with parents (Vet & van den Eijnden, 2007). Also, alcohol use is more embedded in 
the society compared to smoking cigarettes. In line with this reasoning, moderating 
effects of genes were found regarding the relationship between peer smoking and 
adolescent smoking (White, Hopper, Wearing, & Hill, 2003). A second explanation is that 
we focused on smoking initiation. It could be that the rewarding factor of the dopamine 
genes affects smoking initiation and other stages of smoking, such as smoking persistence 
and smoking cessation, differently (e.g., Laucht et al., 2008). Therefore, future studies 
should concentrate on more advanced stages of smoking and the possible interaction 
effects of dopamine genes and parenting. Third, divergent findings could also be due to 
studies utilizing different designs. Van der Zwaluw and colleagues (2010) used prospective 
data with two time-points while Pieters and colleagues (2012) utilized a cross-sectional 
design. The present study used five measurement waves and tested associations with 
time-varying estimates of parenting and smoking over time. Specifically, latent growth 
curve modeling and cross-lagged modeling were conducted with data collected at 
multiple time points, which provides richer data on the development of smoking and 
parenting compared to more traditional methods. 
 In addition to assessing the effect of a gene-environment interaction, we should 
consider possible gene-environment correlations. Parental genes can affect the child’s 
environment (i.e., a passive gene-environment correlation), the child’s genetic predisposition 
could affect parental behavior (i.e., a reactive gene-environment correlation), or the child 
seeking an environment conductive to their genetic predisposition (i.e., an active gene-
environment correlation) (Plomin et al., 1977). These correlations may influence the effect of 
gene-environment interactions on the dependent variable (O’Connor, Deater-Deckard, 
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Fulker, Rutter, & Plomin, 1998). In our study, we found a significant correlation of frequency 
of communication and house rules at T1 with the DAT1. 
 However, we interpreted these results with caution, as the correlations were not 
consistent over time [i.e., only for frequency of communication at T1 (r = .17, p < .01) and T2 
(r = .11, p < .05) and house-rules at T1 (r = -.12, p < .05) and T5 (r = -.14, p < .01)]. Furthermore, 
the DAT1 risk genotype was associated with less house rules, whereas it was positively 
associated with frequency of communication (i.e., higher levels of frequency of 
communication). It is important to stress that this is one of the first longitudinal studies, 
which followed adolescents throughout their teenage years, as most studies assessed 
smoking initiation retrospectively. In addition, we analyzed the potential effects of 
genotypes and subsequent interactions with smoking-specific parenting on smoking 
onset in various statistical models, assuring the consistency of the non-significant findings 
in this dataset. Despite the robustness of our findings, some limitations should also be 
acknowledged. First, adolescents reported their own smoking behavior as well as smoking 
behavior of their parents. Although previous research has shown that self-reported data 
about smoking (e.g., Dolcini, Adler, Lee, & Bauman, 2003) are generally reliable, multi-infor-
mant data would have been preferable. Second, adolescents with a history of smoking at 
the first assessment were excluded from the analyses. The mechanisms that underlie 
smoking onset might differ for those who start early in adolescence and those who start 
in mid or late adolescence. Consequently, the results could not be generalized to younger 
adolescents or adults. Future research should study early smoking initiation among 
preadolescent children (i.e., 9-11 years old). Third, generalizability to the larger population 
was limited since we only included intact Dutch families with two children. Fourth, in this 
study, we examined only dopaminergic genes as genetic and parenting as environmental 
factors. Other genes, such as serotonin (e.g., 5-HTTLPR), opioid genes (e.g., OPRM1) (e.g., 
Ho & Tyndale, 2007) or other genes detected in genome-wide association studies (GWAS), 
may have an effect on smoking initiation (e.g., Vink et al., 2009). In addition to parenting, 
individual factors, such as personality traits (Heath, Madden, Slutske, & Martin, 1995), may 
interact with genes. More research on different gene-environment interactions and 
smoking onset is required. Further, due to small effect sizes for a single polymorphism 
(Hattersley & McCarthy, 2005), more complex interactions may need to be investigated in 
the future (i.e., gene-gene interactions). For example, interactions between the DAT1 and 
DRD2/DRD4 genotypes could be expected (Lerman et al., 1999). Finally, since the sample 
size in this study was relatively small, our findings should be replicated. On the other hand, 
a longitudinal design with measures at multiple waves increased the power of our study 
(Muthén & Curran, 1997).
Conclusion
We did not find evidence for a moderation effect of the DRD2, DRD4, and DAT1 genotypes 
on the relationship between parenting and smoking onset. This indicates that parenting 
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(i.e., quality of communication, frequency of communication, and house rules) affects 
carriers and non-carriers equally. To the best of our knowledge, this is the first study to 
examine the effects of parenting by dopaminergic system interactions on adolescent 
smoking. Therefore, replication is important. Future studies should attempt to increase 
our understanding of the interplay between genetic and environmental risk factors on 
smoking onset and provide recommendations for future prevention programs.
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Abstract
A strong increase in smoking is noted especially among adolescents. In the Netherlands, 
about 5% of all 10-year olds, 25% of all 13-year olds and 62% of all 17-year olds report ever 
smoking. In the U.S., an intervention program called ‘Smoke-free Kids’ was developed to 
prevent children from smoking. The present study aims to assess the effects of this 
home-based smoking prevention program in the Netherlands. A randomized controlled 
trial is conducted among 9 to 11-year old children of primary schools. Participants are 
randomly assigned to the intervention and control conditions. The intervention program 
consists of five printed activity modules designed to improve parenting skills specific to 
smoking prevention and parent-child communication regarding smoking. These modules 
will include additional sheets with communication tips. The modules for the control 
condition will include solely information on smoking and tobacco use. Initiation of 
cigarette smoking (first instance of puffing on a lighted cigarette), susceptibility to 
cigarette smoking, smoking-related cognitions, and anti-smoking socialization will be the 
outcome measures. To collect the data, telephone interviews with mothers as well as with 
their child will be conducted at baseline. Only the children will be examined at post-inter-
vention follow-ups (6, 12, 24, and 36 months after the baseline). This study protocol 
describes the design of a randomized controlled trial that will evaluate the effectiveness 
of a home-based smoking prevention program. We expect that a significantly lower 
number of children will start smoking in the intervention condition compared to control 
condition as a direct result of this intervention. If the program is effective, it is applicable in 
daily live, which will facilitate implementation of the prevention protocol. The trial is 
registered in the Netherlands Trial Register NTR1465.
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Background
A strong increase in smoking is noted especially among adolescents. Between 80,000 and 
100,000 of young adolescents worldwide start smoking each day (WHO, 2005). In the 
Netherlands, 40% of youths between the ages of 10 and 19 reports ever smoking (Stivoro, 
2009). Findings on early onset and later cigarette use suggest that those who initiate 
smoking in childhood are more likely to report advanced levels of smoking and nicotine 
dependence in late adolescence and (early) adulthood (Chassin, Clark, Pitts, & Sherman, 
2000; Fergusson, Lynskey, & Horwood, 1995; Jackson & Dickinson, 2004; Prokhorove, 
Pallonen, Fava, Ding, & Niaura, 1996). The consistency of findings regarding the effects of 
early initiation on future smoking has led investigators to advocate for a delay in the age 
of onset as an important strategy for preventing tobacco use.
 One potential powerful tool to lower the prevalence of youth smoking and to delay 
the age of onset is the implementation of effective prevention programs. In the past 
decade, various prevention programs have been implemented primarily at secondary 
schools (e.g., Bruvold, 1993). Programs targeting on early adolescents need to be improved 
to be more effective (Cuijpers, Jonkers, de Weerdt, & de Jong, 2002; Jackson, Henriksen, 
Dickinson, Messer, & Robertson, 1998). One of the reasons that current school-based 
prevention programs have had little sustained effect on smoking rates is – in our opinion 
– the general disregard of the role of parents in preventing youth smoking onset.
 Recent studies have shown that parental smoking (Otten, Engels, van de Ven, & 
Bricker, 2007a), general parenting style, and parental anti-smoking socialization (e.g., 
Harakeh, Scholte, de Vries, & Engels, 2005; Harakeh, Scholte, Vermulst, de Vries, & Engels, 
2004; Otten, Engels, & van den Eijnden, 2008b; Otten, Harakeh, Vermulst, van den Eijnden, 
& Engels, 2007b) predict smoking experimentation, progression to advanced stages of 
smoking, and even smoking cessation (Bricker, Otten, Liu, & Peterson, 2009). In the last five 
years, prospective studies have extensively studied the influence of parents on child 
smoking in the Netherlands. These studies generally show that parents are the primary 
socializing agents. Parents affect the norms of children with respect to smoking by 
communicating constructively about smoking-related issues, setting household rules 
against smoking, acquiring additional smoking-related knowledge, and monitoring their 
children’s activities. In turn, this lowers the odds of children experimenting with smoking 
(Harakeh et al., 2005; Otten et al., 2007b; den Exter Blokland, Hale III, Meeus, & Engels, 2006; 
Huver, Engels, & de Vries, 2006; Huver, Engels, Vermulst, & de Vries, 2007). In addition to the 
direct influence of parents on adolescent smoking initiation, parents can also influence 
their children indirectly through cognitions. Anti-smoking specific parenting practices 
have been found to be related to adolescents’ smoking-specific cognitions (i.e., social 
norm, self-efficacy, and attitudes (Otten et al., 2007b; Engels & Willemsen, 2004), and these 
smoking-specific cognitions have been found to mediate the relation between parental 
smoking and initiation of smoking (Harakeh et al., 2005; Huver et al., 2006). Considering 
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these findings, we expect that smoking-specific cognitions will mediate the association 
between parenting practices and smoking initiation. 
 There is overwhelming empirical evidence that parents can prevent their children 
from smoking by engaging in anti-smoking socialization. However, no effective prevention 
program for parents of children aged 9-11 years old has been tested and implemented in 
the Netherlands. In the U.S., Jackson and Dickinson (2003; 2006) have developed a highly 
innovative and successful prevention program for smoking parents of primary school 
children named ‘Smoke-free Kids.’ Smoke-free Kids is a structured program focused on 
anti-smoking socialization that can be conducted at home, which means that parents and 
children can go through these activities in their own time. Using communication, rule 
setting, monitoring, guided experience, and other methods of child socialization, parents 
can influence children’s perceptions regarding the prevalence of smoking, the acceptability of 
smoking, and the personal and social consequences of smoking (Henriksen & Jackson, 
1998). 
 A randomized control trial conducted over a period of 24 and 36 months has provided 
strong evidence for the preventive effects of the Smoke-free Kids program on child 
smoking initiation (Jackson & Dickinson, 2003). Specifically, analyses showed that exposure 
to the program reduced the likelihood of children’s smoking initiation at follow-up 
(24-months later). While 19% of children in the control condition initiated smoking by 
grade 6, only 12% of children in the intervention condition had done so (OR = 2.16; 95% CI 
= 1.39 - 3.37, p < .001).
Asthma 
Health effects of smoking initiation are more profound on adolescents with asthma 
compared to adolescents without asthma. People with asthma who smoke are more likely 
to develop lung diseases and COPD (George, 1999) over time compared to those who do 
not smoke. Worldwide, the prevalence of asthma varies across countries and age groups. 
The prevalence of asthma among children aged 7-9 years old ranges from 0% to 20.3% 
and among 13-14 year olds from 0.1% to 16% (ISAAC study: (Lai, Beasley, Crane, Foliaki, 
Shah, & Weiland, 2009)). Our institute is one of the participating collaborating parties in the 
ISAAC study, the worldwide epidemiological project on the prevalence of asthma and 
asthmatic symptoms. According to Dutch data collected from 10,087 adolescents aged 
12-14 years old, 13% of the participants reported lifetime asthma and 7% reported 
asthmatic symptoms in the last 12 months (van de Ven, van den Eijnden, & Engels, 2006). 
Although one might expect that– due to the long-term negative consequences of 
cigarette use – adolescents with asthma would be less likely to start smoking, the contrary 
seems to be true (see also Zbikowski, Klesges, Robinson, & Alfano, 2002; Precht, Keiding, & 
Madsen, 2003). The prevalence of regular smoking among adolescents with asthma is as 
high as among their non-asthmatic peers (van de Ven, Engels, Kerstjens, & van den Eijnden, 
2007). In addition, adolescents with asthma are more likely to have parents who smoke 
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than adolescents without asthma (Otten, Engels, & van den Eijnden, 2005). Smoking 
parents are less involved in anti-smoking socialization than non-smoking parents 
(Henriksen & Jackson, 1998). Therefore, it is important to involve this vulnerable group in 
smoking prevention and to examine whether the effects of the Smoke-free Kids program 
are different for children with and without asthma.
Aim and hypotheses
The primary aim of the study Smoke-free Kids is to assess the effectiveness of this 
prevention program among children aged 9-11 years old in the Netherlands. Both 
short-term (after 6 months) and long-term (12, 24, 36 months) effects of the intervention 
will be tested. Two hypotheses will be tested. First, in line with the U.S. findings, we expect 
that the program will lead to lower likelihood of children’s smoking initiation. Specifically, 
we expect that children in the intervention condition, relative to controls, will be less likely 
to engage in smoking at follow-up based on the findings of Smoke-free Kids in the U.S. We 
will test whether the effects of the intervention program are different for children with 
asthma. Second, we expect that the program will lead to significant increases in 
anti-smoking socialization of children. Specifically, we expect that parents included in the 
intervention program (as compared to controls) (a) will be more engaged in constructive 
communication on smoking topics, (b) will have more confidence in discussing smoking 
matters and greater self-efficacy to prevent their children from smoking, (c) will set and 
keep stricter household rules against smoking and establish a non-smoking contract with 
their children, and (e) will be more likely to monitor children’s and peers’ smoking-related 
activities. 
Methods/Design
Study Design
The program Smoke-free Kids is a 3-year randomized controlled trial with two arms, an 
intervention and a control condition, testing the effects of an intervention program 
consisting of five activity modules. Participants consist of 1,478 mothers (and their 
children): 728 in the intervention and 750 in the control condition. To select the eligible 
sample, randomization takes place at school level, to avoid contamination between 
conditions, after the initial recruitment and participant selection. After informed consent, 
enrollment in the trial, and baseline assessment, families will receive one of the five 
program modules every four weeks by mail. The modules for the intervention condition 
will consist of activities (such as games, scripted role-plays, contests, and interviews) 
designed to increase communication between mother and child. Mothers will be 
instructed to read the modules and to perform these activities together with their child. 
The intervention condition will also receive a booster module 12 months after the baseline to 
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reinforce the skills learned from the earlier modules. Families in the control condition will 
receive modules containing only of factual information about smoking. Hence, these mothers 
will not be explicitly encouraged to communicate about the modules with their child. 
 Assessments in both intervention and control condition will be conducted at baseline, 
after six months (after completing the intervention), 12, 24, and 36 months (see Figure 1).
 After 36 months of follow-up, each family will receive €10 for participation in all 
measurements, and five traveler’s checks of €1000 will be raffled among these families. 
Children will receive little gifts after different measurement (e.g., pen & memo pad, magnet 
stickers, Frisbees) to thank them for participating in the study.
Participants
Recruitment
Families are recruited from primary schools, media, and health professionals. Specifically, 
primary school boards are asked to distribute letters to all children aged 9-11 years old and 
to request that children give this letter to their parents. This letter includes information 
about the study and inquires whether parents want to be involved in our study. If parents 
agree to participate, they can provide their contact information by filling out a short 
screening self-administered questionnaire (that includes items assessing parental smoking 
status and possible asthmatic symptoms of the child) and return it in the enclosed 
envelope. It is also possible to register online via a secured webpage. To recruit children 
with asthmatic symptoms, several local and national newspapers, a local television station, 
and different health related prevention websites (e.g., Dutch Asthma Foundation, Dutch 
Institute for Smoking Prevention) agreed to assist in announcing the study on a population 
level. Furthermore, health professionals (i.e., general practitioners, pharmacist, and lung 
specialists) are requested to place posters with accompanying flyers in their waiting 
rooms. 
Eligibility Criteria
Eligibility is determined in two steps; first based on a short screening self-administered 
questionnaire completed by the parents, and second based on the baseline telephone 
interview. Inclusion criteria for the present study are; children have to be aged between 
9-11 years old and should not have initiated smoking yet, participating adults have to be 
the mother or a female guardian, and both adult and child need to be competent in 
reading and speaking Dutch. Furthermore, only one child per household is eligible to 
participate. To test the moderating effect of asthma, we also needed a subsample (n = 
200) of children with asthmatic symptoms. Written informed consent from participating 
families will be obtained upon enrollment. The ethics committee of the Faculty of Social 
Sciences at the Radboud University Nijmegen approved the study’s protocol. 
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Figure 1   Study design.
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Figure 2 
Intervention program 
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 In this study, we will focus on 9 to 11 year old children because at this age, children 
start to become increasingly interested in smoking issues (see Dalton et al., 2006), but 
generally do not smoke yet. The prevalence of lifetime smoking among this age group is 
low (< 2%) (Monshouwer, van Dorsselaer, Gorter, Verdurmen, & Vollebergh, 2004), making 
it an important target group for primary prevention. Furthermore, this age group consists 
of children prior to the phase in which they enter pre-puberty. This is a period characterized 
by increasing conflicts with parents, particularly with mothers (Granic & Hollestein, 2003), 
leading to less conformity and openness, although children are still responsive to the 
influence of parents (Jackson & Dickinson, 2006).
 We have decided to target mothers rather than fathers for the following reasons; (a) if 
parents are divorced, children live mostly with their mothers (CBS, 2005), (b) on an average, 
children spend more time with their mothers than with their fathers, which gives mothers 
the practical advantage of having more time to deliver the anti-smoking socialization 
program to their children (Renk et al., 2003), (c) women are generally more likely than men 
to enroll in health-related programs, (d) the U.S. trial also included only mothers, so 
including mothers would increase comparability of findings (Jackson & Dickinson, 2003; 
2006), and (e) given the plausibility that program effects would differ by parent’s gender, 
including fathers would substantially increase the size and costs of the proposed trial.
Randomization
Randomization occurs at the school level to avoid contamination between conditions. 
Thus, clusters of children from one school are allocated to either the intervention or the 
control condition. An independent statistician performed the allocation and stratified 
participants by school and number of children with asthma after the baseline assessment. 
Sample Size Calculation
Based on the findings from the U.S. trial, we expect a 10% difference in smoking initiation 
rates between the intervention and control conditions. Equal cell sizes are assumed for 
study cells and power of .80 was targeted. The primary hypothesis will be tested at an 
overall two-sided significance level of 0.05. We used the general-purpose statistical 
software package Stata to calculate the estimated sample sizes for two-sample comparison 
of proportions. Based on the U.S. data and the prevalence of smoking in 12 to 14 year olds 
(age of the children at 36-months follow-up), which is around 30%, we would need 428 
children per condition. In these power analyses, we corrected for the fact that data are 
clustered (children are nested within schools) and the fact that we will apply multiple 
imputation in the case of missing data. Thus, 856 children (and mothers) would be 
included to test the effectiveness of Smoke-free Kids. A sub-goal of the study is to examine 
whether there is any difference between the children with and without asthma or 
asthmatic symptoms. To test the moderating effect of asthma or asthmatic symptoms, we 
will include a subsample of 200 children with asthma or asthmatic symptoms. This allows 
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us to test whether the effect of the intervention is different for children with asthma. 
Eventually, the study is over-enrolled. 
 Overall, a total of 1,478 children (and mothers) will participate in the study: 1398 never 
smokers and 80 ever smokers. The asthmatic subsample includes approximately 239 
children whose mothers reported their child to have had an asthmatic period at least 
once in their lives. This allows us to test whether the effect of the intervention is different 
for children with asthma. Moreover, having 622 additional participants allows us to do 
complex analyses and to test several other moderators and mediators. In accordance with 
the intention-to-treat philosophy, all children randomized to one of the conditions are 
included in analyses to test the study hypotheses.
Study intervention
Theoretical basis of the intervention
Social Cognitive Theory (Bandura, 1986) and models of persuasive communication for 
attitude and behavioral change (Petty & Cacioppo, 1986) were used to structure the 
program to meet the intervention objectives. Bandura’s Social Cognitive Theory (1986) 
has been broadly applied in public health intervention, and it has been used here to 
identify the critical elements of child socialization regarding cigarette smoking. Specifically, 
these elements include a) perception, where a child perceives the expressed thoughts 
and actions of parents or other socializing agents, b) cognitive rehearsal, where a child 
recalls and assigns meaning to what has been perceived, c) behavioral rehearsal, where a 
child communicates or acts in a manner consistent with what has been learned and 
receives feedback regarding those thoughts and behaviors, and d) motivation, where a 
child experiences positive (or negative) reinforcements for specific communications or 
actions. Each element of the program was designed to address one or more of these child 
socialization processes. 
 Communication models, particularly the Elaboration Likelihood Model (Petty & 
Cacioppo, 1986), offer substantive input as regards the design of persuasive communications. 
Of particular importance is that participants vary with respect to the perceived relevance 
and salience of health communications, and the intervention design should take this 
variability into account. For example, we expect some parents to engage in argument-based 
processing of program content (where message content most affects parental response 
to program recommendations), and others to engage in cue-based processing (where 
peripheral cues such as print design most affect parental response to program recom-
mendations). The program information has been structured to address both modes of 
information processing.
Intervention Condition 
Parents and children in the intervention condition will receive five printed activity modules 
by mail at four-week intervals. The aim of the modules is to achieve progressive development 
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of parent-child socialization activities. Activities have been designed to gradually increase 
parental skills and comfort level in communicating with children about smoking, addiction, and 
expectations regarding abstinence. Each activity module includes a high concentration of 
structured interactions that engages parent and child simultaneously, such as games, 
scripted role-plays, contests, and interviews. These structured interactions are a key 
technique for facilitating parent-child engagement in the intervention (Jackson & 
Dickinson, 2009). 
 Each module aims to modify different socialization variables, module 1 targets 
general communication about smoking and makes parents and child comfortable with 
communicating about smoking, module 2 concentrates on influence of smoking 
messages (i.e., influence of media, sport events, and people around us), module 3 focuses 
on setting rules about smoking to protect their child from experimentation with tobacco. 
Module 4 is an extension of module 3 and involves creating a smoke-free house and 
-environment to keep the child away from second hand smoking. The last module, 
number 5, increases children’s awareness regarding the influence of smoking classmates 
and friends and increases their ability to handle peer pressure. All five modules contain a 
communication sheet for parents. These sheets provide additional background 
information about the subjects discussed in the modules and communication tips for 
parents. Finally, a booster module will be delivered 12-months post-baseline. 
 Newsletters. Between the activity modules, parents will receive a series of digital 
newsletters in their email box. These newsletters will be sent after modules two, three, 
and five. The newsletters aim to maintain commitment to the program. The newsletters 
will inform parents about the background of Smoke-free Kids, review the activity modules 
that parents and child receive in the mail, and announce the winners of different program 
contests (e.g., ‘drawing an anti-smoke message,’ ‘compose the longest sentence with 
magnet stickers,’ and ‘writing a story including an anti-smoking message’).
 Booster module. Evaluations of smoking prevention programs for adolescents indicate 
that repeated exposure to the key elements of the intervention program can strengthen 
program effects. A booster module will be developed with the theme ‘Staying smoke-free.’ 
This module includes a self-assessment component; i.e., parents and children will evaluate 
which anti-smoking skills they have practiced well, and which ones they could improve. 
Additionally, motivational information to stay smoke free throughout the high school 
years will be provided.
Control condition
For the families in the control condition, a fact-based program has been developed. An 
alternative program will be provided for controls because we assume it is unethical to 
recruit them for an intervention program while not offering them a program afterwards. 
Providing alternative materials for controls also helps maintain comparable response rates 
when follow-up data are collected from the two arms of the study. The factsheets provide 
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information on youth smoking and focuses parents’ attention on macro-level variables 
relevant to youth smoking, but not targeted by the intervention version of the program 
(for example, smoking prevalence among youths, ingredients of cigarettes, tobacco 
legislation). The criterion for selecting factsheets information was that the same 
information would be available in local, state, or national print or broadcast media. 
Although the information provided could increase control condition parents’ knowledge 
regarding tobacco issues, this awareness is not expected to affect anti-smoking 
socialization processes. Moreover, it is difficult to retain parents in the study without 
providing them anything of a program. Both factsheets and modules will be mailed at the 
same time to participants in the control and intervention condition (Figure 2). Similar to 
the children in the intervention condition, the children in the control condition will also 
receive incentives (magnet stickers & Frisbees) to thank them for participating.
 All the U.S. materials were translated and adapted to the Dutch language. This was 
done in collaboration with STIVORO (Dutch Institute for Smoking Prevention), the Trimbos 
Institute (Netherlands Institute of Mental Health and Addiction), and professional 
translators. The following adaptations were made for the Dutch intervention. For instance, 
some assignments were not suitable for the Dutch intervention because they were too 
culturally specific or they concerned issues that have changed since the U.S. program 
started. For instance, the U.S. intervention included assignments that referred to tobacco 
advertising, which is prohibited nowadays. Moreover, while the original program targeted 
smoking mothers, the Dutch program was made accessible to both smoking and 
non-smoking mothers; therefore, the focus of some modules needed to be changed. 
Finally, the layout of the modules has been modernized and adapted (i.e., cartoons). 
Data collection
An overview of all measurements is given in Table 1. All questions will be administered 
during a 20-minutes telephone interview by one of the trained interviewers. At baseline, 
mothers will be interviewed first to check the eligibility of the family. Children will be 
interviewed few days later. Because of practical reasons, the over-enrolled families will be 
asked to answer the questions by questionnaire which will be sent to their homes. Only 
the children will be examined at post-intervention and follow-ups. We considered 
collecting data from parents at each follow-up, but we opted not to because (a) such data 
are not needed to test the study hypotheses and (b) our perspective is that children’s 
perceptions of anti-smoking socialization are more reliable (less biased) and will explain 
their smoking status better than parental reports of anti-smoking socialization (see also 
Darling & Cumsille, 2003; Engels, Finkenauer, Meeus, & Dekovic, 2001; Harakeh, Engels, de 
Vries, & Scholte, 2006). 
 During the intervention program, 10% of the participants in the intervention 
condition will receive a telephone call from a trained interviewer about the procedure of 
the program. They will be asked if they received the activity modules and which modules 
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they did utilize so far. The answers will give us an indication about program exposure 
among intervention condition families.
 The post-intervention measurement (after 6 months) will collect more detailed information 
on program utilization. The three follow-up measurements will be at 12, 24, and 36 months 
after baseline. We have decided to follow the children for 36 months, indicating that at the 
final wave, children will be 12 to 14 years old. The national prevalence data on smoking in 
adolescents have shown an increase in ever smoking of 5% among 10-year olds, 7% 
among 11-year olds, 17% among 12-year olds, and of 25% among 13-year olds (Stivoro, 
2009).
Figure 2   An overview and time frame of the intervention program.
Module 1 
Module 2 
Newsletter 
Module 3 
Newsletter 
Module 4 
Factsheet 1 
Factsheet 2 
Factsheet 3 
Factsheet 4 
Factsheet 5 Module 5 
Newsletter Newsletter 
Intervention condition Control condition 
Month 1 
Month 2 
Month 4 
Month 3 
Month 5 
Time frame  
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Outcomes
The primary outcome, initiation of cigarette smoking, has been defined as puffing on a 
lighted cigarette for the first time. Secondary outcome measures are general parenting 
dimensions like monitoring, psychological control, manipulative control, support and 
responsiveness (e.g., Finkenauer, Engels, & Baumeister, 2005; Kerr, & Stattin, 2000; Scholte, 
Engels, Overbeek, de Kemp, & Haselager, 2007; Steinberg, Mounts, Lamborn, & Dornbusch, 
1991) as well as smoking-specific parenting, such as house rules on smoking, non-smoking 
agreement, warnings about consequences of smoking, frequency and quality of 
communication on smoking matters, and reactions on experimentation with smoking 
(e.g., Harakeh et al, 2005; Huver et al., 2006; Engels & Willemsen, 2004; Engels, Noom, Halle 
III, & de Vries, 2005; Ennett, Bauman, Foshee, Pemberton, & Hicks, 2001; Otten, Engels, & van 
de Eijnden, 2008a). Other outcomes are susceptibility to cigarette smoking, defined as the 
lack of a firm commitment against cigarette smoking (Jackson et al., 1998; Pierce, Choi, 
Gilpin, Farkas, & Merritt, 1996), child smoking-related cognitions, such as expectancies 
concerning self-efficacy (de Vries, Dijkstra, & Kuhlman, 1988), and social norms (Otten et al., 
2007b) which have been shown to be related to smoking initiation (Harakeh et al., 2004; 
van de Ven et al., 2007) and attitude (Otten et al., 2007b). Asthma symptoms will be 
identified using an extended version of ISAAC’s asthma questionnaire (Asher et al., 1995). 
In addition, children with asthmatic symptoms will be phenotyped using lung function 
measurement. The Strengths and Difficulties Questionnaire (SDQ) (Goodman, 1997) will 
be used as a behavioral screening instrument for early detection of psychological 
problems. Psychological problems are associated with problem behaviors like smoking 
(e.g., Crone & Reijneveld, 2007).
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Table 1   Overview of measurements
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Demographic characteristics •
Smoking behavior parents  
(de Vries, Engels, Kremers, Wetzels & 
Mudde 2003)
• • • • • •
Smoking behavior child  
(de Vries et al., 2003)
• • • • • •
Anti-smoking socialization:
Communication about smoking 
(Ennett et al., 2001)
• • • • • •
Monitoring  
(Engels & Willemsen, 2004) 
• • • • •
Availability of cigarettes at home 
(Engels & Willemsen, 2004)
• • •  • • • 
Parental norms  
(Engels & Willemsen, 2004)
• • • • • 
Parental influence on their offspring 
smoking (Engels & Willemsen, 2004)
• • • • • • 
House rules  
(Engels & Willemsen, 2004)
• • • • • • 
Constructive reaction:  
perceptions of the parents reaction  
(Engels & Willemsen, 2004)
• • • • • 
Intention to smoke (Kremers, 2002) • • • • • 
Self-efficacy (de Vries et al, 1988; 
Engels, Knibbe, & Drop,1999)
• • • • • 
Attitude  
(Dijkstra, de Vries, & Bakker, 1996)
• • • • • 
Social Norm  
(de Vries, Backbier, Kok, & Dijkstra, 1995)
• • • • • 
General Parenting Style • • • • • • 
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Statistical analyses
The main comparisons of study conditions with respect to the distribution of time until 
first instance of smoking will be based on survival analysis methods. All available data for 
participants who are randomized but lost to follow-up will be used in the survival analysis. 
This way, if a participant is not able to be located after the first year, for example, the data 
collected from the participant up to one year will be used in estimating the intervention 
effect and will contribute to the time trend estimates up to a year. Survival analysis is 
selected as the primary analysis in part because it easily incorporates censored 
observations. Logistic regression models will also be used to test how the intervention is 
related to susceptibility of smoking in originally abstinent children. Mplus analyses will be 
used to deal with missing data at the subsequent waves and to control for the clustered 
data (e.g., the fact that we randomize on school level) (see Kuntsche, Gmel, Knibbe, & 
Engels, 2005). 
Table 1   Continued
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Smoking behavior peers  
(Engels, Knibbe, de Vries, Drop, & van 
Breukelen, 1999)
• • • • • 
Parent-child relationship (NRI)  
(Furman & Buhrmester, 1985)
• • • • • • 
Alcohol use • • • • 
Strength and Difficulty Questionnaire 
(SDQ) (Goodman, 1997)
• • • • • 
Asthmatic symptoms (ISAAC)  
(Asher et al., 1995)
• • • • • 
Program Evaluation/ utilization 
(Jackson & Dickinson, 2003)
• 
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Time Frame
The recruitment, inclusion, randomization of participants started at the end of 2008. The 
final follow-up measurement is planned for mid-2012. All data will be continuously 
collected, entered, and cleaned. Short-term results will be reported before the completion of 
the 36 months follow-up.
Discussion
The present study protocol presents the design of a randomized controlled trial evaluating 
the effectiveness of a smoking prevention program for 9 to 11 years old children. The 
intervention program called ‘Smoke-free Kids’ aims to prevent children from initiating 
smoking. It is hypothesized that, after three years of follow-up, children in the intervention 
condition will be less likely to initiate smoking, and that maternal communication about 
smoking topics, confidence in discussing smoking, and efficacy to prevent their children 
from smoking will increase compared to the control condition. 
Strengths and limitations
An important first strength of the Smoke-free Kids program is that the program is 
theory-driven. Social Cognitive Theory (Bandura, 1986) and models of persuasive 
communication for attitude and behavior change (Petty & Cacioppo, 1986) have been 
used to structure the intervention. Second, the program is a home-based prevention 
program, which means that parents and children can go through the activities on their 
own, in their leisure time, and are not obligated to engage in a complex, time-consuming 
program. Third, this program focuses on children who have not initiated smoking yet. 
Strength of the study design is that it includes follow-up measurements at 6, 12, 24, and 36 
months, which allows us to test the short and long-term effects of the intervention 
program. Second, regarding the generalizability of the study results, if Smoke-free Kids is 
effective, the program can be easily implemented in the home setting and disseminated, 
for example, by primary schools, general practitioners, and school doctors. A limitation of 
the study is that the behavior of the children and parents is based on self-reports. However, 
studies have shown that self-reported data of adolescents about their own smoking are 
generally reliable (Dolcini, Adler, & Ginsberg, 1996; Dolcini, Adler, Lee, & Bauman, 2003; 
Hunter, Webber & Berenson, 1980). 
Implications for practice
If the Smoke-free Kids intervention program is effective, it could be easily applied to daily 
life, which will facilitate implementation of the prevention protocol. The program’s 
modular, self-help format allows flexibility as regards where, when, and how it is 
implemented. Although the present study will measure effects on individual children 
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after delivering the modules to households, in the future, the program could also be 
delivered to multiple families at the group-level using an alternative approach (e.g., at 
school), or it could be self-administered on a website that provides sequential access to 
the intervention modules. This is the reason that STIVORO (Dutch Institute for Smoking 
Prevention) and the Trimbos Institute (Netherlands Institute of Mental Health and 
Addiction) are actively involved. This all implies a strong potential of the program to reach 
large populations. In addition, if the home-based prevention program is effective, it can 
be developed for other risk taking behavior like alcohol and drugs.
Conclusion
This study will evaluate a protocol for preventing smoking initiation in children. The results 
of this study will provide insights into the effectiveness of the Smoke-free Kids intervention 
program and the precursors of smoking initiation among children aged 9 to 11 year olds.
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Abstract
The aim of the study is to evaluate the short-term effects of a home-based smoking 
prevention program called ‘Smoke-free Kids’ on anti-smoking socialization and smoking-
related cognitions and the moderating role of parental smoking. A cluster randomized 
controlled trial design was used comparing an intervention condition with a control 
condition. A total of 1,398 never-smoked children (mean age = 10.11; SD = .78) participated. 
Intention-to-treat and completers-only analyses were performed. Participants in the 
intervention condition (n = 728) received five activity modules by mail at four-week 
intervals. Modules include communication sheets for their mothers. The control condition 
(n = 750) received a fact-based intervention only. The main outcomes were frequency and 
quality of communication, non-smoking agreement, house-rules, availability of cigarettes, 
perceived maternal influence, anticipated maternal reactions, attitude, self-efficacy, and 
social norms. Results show a significant program effects for frequency of communication 
(B = .11, p <.001), non-smoking agreement (B = .07, p < .01), perceived maternal influences 
(B = .09, p < .05), self-efficacy (B = -.09, p < .05), social norms of friends (B = -.08, p = .05), and 
best friends (B = -11, p < .05). Parental smoking had no moderating effect. In conclusion, 
the Smoke-free Kids program shows promising short-term effects on anti-smoking 
socialization and cognitions. Long-term follow-up on the effects of smoking behavior are 
needed.
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Introduction
Smoking during adolescence is a worldwide public-health problem (WHO, 2009). By age 
10, 4% of Dutch children have already tried smoking. This increases to 9% of 11-year-olds, 
12% of 12-year-olds, and 44% of 14-year-olds (Stivoro, 2010). Children who try smoking 
before the age of 12 are more likely to develop long-enduring smoking patterns (e.g., 
Chassin, Clark, Pitts, & Sherman, 2000). Tobacco prevention strategies aim to delay the age 
of smoking onset and decrease the prevalence of early initiators by implementing 
effective prevention programs. Hence, smoking prevention in elementary school children 
is important. In the US, a smoking prevention program called “Smoke-free Kids” for 
children of smoking parents has shown to be effective: positive effects on anti-smoking 
socialization were found after 24 months and after 36 months only 12% of children had 
tried smoking in the intervention versus 19% in the control (OR = 2.16, 95% CI = 1.39-3.37, p 
< .001) (Jackson & Dickinson, 2003; 2006). This home-based smoking prevention program 
is based on socialization and communication theories (Bandura, 1986; Petty & Cacioppo, 
1986). The present study evaluated the short-term effects of the adapted Dutch Smoke-free 
Kids program on anti-smoking socialization and smoking-related cognitions of children 
ages 9 to 11 using a cluster randomized controlled trial (RCT).
 Involving parents in smoking prevention is crucial. Parents can affect their adolescents’ 
smoking through parenting practices (e.g., Andersen, Leroux, Bricker, Rajan, & Peterson, 
2004; Chassin, Presson, Todd, Rose, & Sherman, 1998; Chassin, Presson, Rose, Sherman, 
Davis, & Gonzalez, 2005; Harakeh  Scholte, de Vries, & Engels, 2005; Henriksen, & Jackson, 
1998; Jackson, & Henriksen, 1997; O’Byrne, Haddock, & Poston, 2002; Otten, Harakeh, 
Vermulst, van den Eijnden, & Engels, 2007). Parental anti-smoking socialization consists of 
discussing smoking related topics, setting rules not to smoke at home, establishing a 
non-smoking agreement, limiting the availability of cigarettes at home, and providing 
appropriate reactions regarding their child’s smoking (Engels & Willemsen, 2004). 
 Parent-child communication is a powerful tool in the socialization of children and 
adolescents (Kunkel, Hummert, & Dennis, 2006). Communication is important in discussing 
rules and helping the adolescent to make decisions, like whether or not to smoke (Noller, 
1995). Several studies show that a constructive and respectful manner of communication 
prevents adolescents from smoking (Chassin et al.,2005; de Leeuw, Scholte, Harakeh, Van 
Leeuwe & Engels, 2008; de Leeuw, Scholte, Vermulst, & Engels, 2000; Harakeh et al., 2005; 
Otten, Engels, van de Ven, & Bricker, 2007; Ringlever, Otten, de Leeuw, & Engels, 2011). 
Surprisingly, the findings concerning frequency of communication are mixed: some 
studies show that frequent smoking-specific communication reduces the risk of smoking 
in adolescents (Chassin et al., 1998; Clark, Scarisbrick Hauser, Gautam, & Wirks, 1999; 
Jackson, 1997; Jackson & Henriksen, 1997), while others suggest that frequent smoking-
specific communication might lead to an increase in adolescent smoking onset (den Exter 
Blokland, Hale III, Meeus, & Engels, 2006; Ennett, Bauman, Foshee, Pemberton, & Hicks, 
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2001; Harakeh et al., 2005). These contradictory findings likely result from parent reactions 
to children smoking, as parents talk about smoking more often if they know their child has 
tried it (de Leeuw et al., 2010; Hiemstra, Otten, & Engels, 2012). Therefore, numerous 
communication skills are used throughout the program to improve the quality of the 
conversations.
 Besides communication, the program focuses on other socialization practices like, 
smoking-specific rules, the presence of a non-smoking contract, the availability of cigarettes, as 
well as parental influence and reaction. Smoking-specific house rules prevent adolescents 
from smoking (Emory, Saquib, Gilpin, & Pierce, 2010). However, the effectiveness of a 
non-smoking agreement is less clear. Some studies find a lower risk for smoking onset and 
lower regular smoking rates (de Leeuw et al., 2010; Huver, Engels, & de Vries, 2006; Isensee 
& Hanewinkel, 2012); others find no effect of a non-smoking agreement (den Exter 
Blokland et al., 2006; Harakeh et al., 2005; Huver, Engels, Vermulst, & de Vries, 2007). The 
availability of cigarettes is also associated with smoking onset (Conrad, Flay, & Hill, 1992; 
Woodruff,  Candelaria, Laniado-Laborín, Sallis, & Villasenor, 2003). 
 For perceived parental influence and perceived parental reaction, different results 
emerge. Some studies have found that adolescents are less likely to smoke (Engels 
&Willemsen, 2004; Harakeh et al., 2005), while others report no effects of parental influence 
on smoking onset (den Exter Blokland et al., 2006). Similarly, some studies have found that 
parental reaction can protect children from smoking (Chassin et al., 2005; Sargent & Dalton 
2001), while others found no association with smoking (den Exter Blokland et al., 2006; de 
Leeuw et al., 2011); others found conflicting results (den Exter Blokland et al., 2006; Distefan, 
Gilpin, Choi, & Pierce, 1998). We expect that the Smoke-free Kids program will affects 
different aspects of anti-smoking socialization, since the program specifically instructs 
parents on how to use these different strategies. 
 In addition to the effects of the program on anti-smoking socialization, we also examine 
the effects on adolescents’ smoking-related cognitions (i.e., attitudes, self-efficacy, and 
social norms of mother, friends and best friends). These are important predictors of 
intention to start smoking and smoking onset later in life (Engels & Willemsen, 2004; 
Harakeh, & Vollebergh, 2011; Huver et al.,2006; Huver et al., 2007; Otten et al., 2007; Veselska, 
Madarasova Geckova, Reijneveld, & van Dijk, 2011) according to the Theory of Planned 
Behavior (Ajzen, 1991). We focus on cognitions from the TPB because of the young age of 
the children and the low levels of smoking at this age. The process of smoking starts with 
the development of smoking cognitions years before the actual behavior occurs 
(Leventhal & Cleary, 1980).
 Previous research has shown that different aspects of anti-smoking socialization 
factors can be seen as antecedents of cognitions, thereby affecting adolescent smoking 
indirectly. Specifically, higher frequency of communication is related to lower self-efficacy 
to resist smoking (Engels & Willemsen, 2004; Huver et al., 2006; Otten et al., 2007), lower 
pro-smoking attitudes (Huver et al., 2007), but also to higher pro-smoking attitudes (Huver 
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et al., 2006; Otten et al., 2007), and related to lower perceived social norms of parents 
(Otten et al., 2007). Higher quality of communication is related to higher self-efficacy, 
lower pro-smoking attitudes, and lower perceived social norms of friends (Otten et al., 
2007). Furthermore, we examine the moderating effects of parental smoking. Previous 
research shows that anti-smoking socialization differs for smoking and non-smoking 
parents (Engels & Willemsen, 2006; Jackson & Dickson, 2003; Jackson & Dickson, 2006; 
Harakeh et al., 2005).
The present study
The present study evaluates the short-term effects of the Smoke-free Kids program by 
using a randomized clinical trial. To assess whether the program was successful, we tested 
short-term, direct effects of the intervention on anti-smoking socialization and smoking-
related cognitions. Presently, we are interested in whether the intervention has an effect 
on potential mediators. We did not examine the effects of the program on smoking 
initiation, because power calculations were used to find the difference in smoking 
initiation at ages 12 to 14 (i.e., 36-month follow-up) (Hiemstra, Ringlever, Otten, Jackson, 
van Schayck, & Engels, 2009). We also tested whether the effects of the program on 
anti-smoking socialization differed between smoking and non-smoking parents.
Methods
Procedure and participants
We used data from the first two waves (baseline and post-intervention) of a RCT evaluating 
a Dutch home-based smoking prevention program. The Dutch Smoke-free Kids program 
is based on the US version (Jackson & Dickinson, 2003; 2006) and has the same intent, but 
the content and layout have been adapted and modernized (Hiemstra et al., 2009). 
Families were recruited predominantly via primary schools. Specifically, school boards 
were asked to distribute letters to parents via the children. Participation was possible if the 
following inclusion criteria were met: children were between 9 and 11 years old; children 
did not have experience with smoking; participating adults were mothers or female 
guardians; both mother and child could read and speak Dutch and only one child per 
household was eligible to participate. Fathers were excluded. We included mothers rather 
than fathers, since mothers are more likely to enroll in prevention programs (Thurston & 
Phares, 2008). There were also practical reasons why we concentrated on mothers (see 
Hiemstra et al., 2009). A total of 1,478 mothers and children were selected to participate in 
the program. This includes a subsample of 200 with asthmatic symptoms (recruited for a 
sub-aim of the total RCT study; see Hiemstra et al.,2009).
 The data were collected via phone and written questionnaires. Trained graduate 
students administered the telephone interviews. Prior to the interview, mothers and 
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children were assured privacy and confidentiality to encourage them to speak freely. 
Questionnaires were sent by mail and returned in enclosed envelopes. The first assessment, 
which included both mothers and children, took place between December 2008 and 
June 2009 before conducting an intervention. The second assessment, which included 
only the children, was conducted between July 2009 and November 2009 after completion 
of the intervention. During the intervention, five activity modules or fact-sheets were 
mailed to participants in both conditions from February 2008 to September 2009 at 
four-week intervals.
 Each family received €10 for completing all measurements (baseline to 36 months). In 
addition, five travelers’ checks of €1000 were raffled among these families. The ethics 
committee of the Faculty of Social Sciences at the Radboud University Nijmegen approved 
the trial protocol registered with the Dutch Trial Register (NTR1465).
Sample size
A power calculation indicated that 428 children were needed in both the intervention and 
control condition to find a 10% difference in smoking initiation between the ages of 12 
and 14 (36-month follow-up), considering power of 80% and two-tailed tailed test with a 
significant level of 5%. These power analyses accounted for data clustering and imputations 
in the case of missing data. Thus, at least 856 children and mothers were needed to detect 
significant differences in smoking initiation.
Randomization
Regarding randomization, an independent statistician allocated the schools randomly to 
the intervention or control condition (allocation ratio (1:1)). Children of one school were 
allocated to the same condition to avoid contamination between the two conditions. 
Based on baseline assessment, children were stratified by the number of asthmatic 
children. Mothers and children were blind to randomization (single-blind trial). 
Intervention
Mothers and children in the intervention received five printed activity modules by mail at 
four-week intervals. These modules included assignments that were designed to gradually 
increase parental skills and comfort level in communicating with children about smoking, 
addiction, and expectations regarding abstinence. Each activity module included a high 
concentration of structured interactions to engage mother and child, such as games, 
scripted role-plays, contests, and interviews. Each module aimed to modify different 
socialization variables (e.g., general communication about smoking, influence of smoking 
messages, setting rules, smoke-free house and environment, influence of smoking friends 
and handling peer pressure) (Hiemstra et al., 2009). All five activity modules included a 
communication sheet for mothers. These sheets provided additional background 
information about the subjects discussed in the modules and communication tips. Finally, 
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a booster module was delivered 12-months post-baseline (after the post-intervention 
measure).
Control
For the control condition, a fact-based intervention was developed, because it would be 
unethical to recruit families for an intervention program without offering them a program 
afterwards. The fact sheets provided information on youth smoking and directed parents’ 
attention towards macro-level variables relevant to youth smoking but not targeted by 
the intervention condition (e.g., smoking prevalence among youths, ingredients of 
cigarettes, tobacco legislation). The mothers received the program parallel with the 
intervention condition but did not receive a booster.
Outcomes
Items to assess anti-smoking socialization and smoking-related cognitions are presented 
in Appendix 1. All measures were based on previous questionnaires that have been used 
extensively (de Vries, Dijkstra, & Kuhlman, 1988; de Vries, Backbier, Kok, & Dijkstra, 1995; 
Engels & Willemsen, 2005; Harakeh, Scholte, Vermulst, & Engels, 2004; Harakeh et al., 2005). 
For practical reasons (i.e., telephone interviews), the number of answer choices for the 
anti-smoking socialization measures and attitudes was reduced.
Anti-smoking socialization:
 Quality of communication referred to a constructive and respectful way of communicating 
smoking-related issues (Harakeh et al., 2005). This was measured with six items on a three- 
point scale from “not true” (1) to “true” (3). The Structural Equation Model based reliability, 
known as McDonalds Omega (McDonald, 1999), was calculated because of skewed data 
(Stone et al., 2013). Omega is an alternative to Cronbach’s alpha and estimates the general 
factor saturation of a test (Zinbarg, Revelle, Yovel, & Li, 2005). Omega was .78 at baseline 
and .81 at post-intervention. 
 Frequency of communication referred to how often in the past 12 months mothers 
spoke about smoking related issues (Ennett et al., 2001; Harakeh et al., 2005). This is 
measured with six items as three-point scale from “never” (1) to “often” (3). Omega was .86 
at baseline and .85 at post-intervention.
 Smoking specific house rules assessed the rules imposed by the parents not to smoke 
in the house (Engels & Willemsen, 2004) using two items on a three-point scale from “not 
true” (1) to “true” (3). The correlation between the two items was low; therefore, both items 
were analyzed separately as smoking house rule inside and smoking house rule outside.
 Non-smoking agreement evaluated if parents reward their children for non-smoking 
until a certain age (Harakeh et al., 2005).
 Availability assessed the availability of tobacco at home on a three-point scale ranging 
from “never” (1) to “always” (3) (Engels & Willemsen, 2004).
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 Perceived maternal influence assessed adolescents’ perceptions of the control or 
influence that their mother has on their smoking behavior on a four-point scale, from 
“probably not” (1) to “probably yes” (4) (Harakeh et al., 2005).
 Anticipated maternal reactions to smoking assessed adolescents’ belief about their 
mothers’ reactions if they found out that they smoke or had smoked (Engels & Willemsen, 
2004; Harakeh et al., 2005). Each of the four items measured one anticipated conflict 
resolution style (conflict engagement, disclosing disappointment, withdrawal, and 
positive problem solving) on a three-point scale from  “untrue” (1) to “true: (3) (de Leeuw, 
2011).
Smoking-related cognitions:
 Attitudes towards smoking assessed how children think about daily smoking (Harakeh, 
Scholte, Vermulst, & Engels, 2004). This was measured with seven items on a three-point 
scale from “negative attitude” (1) to “positive attitude” (3). Omega was .82 at baseline and 
.90 at post-intervention. A higher score reflected a pro-smoking attitude.
 Refusal self-efficacy referred to children s’ confidence in their ability to stay a 
non-smoker and to refuse a cigarette (de Vries, Dijkstra, & Kuhlman, 1988; de Vries, Backbier, 
Kok, & Dijkstra, 1995). This was measured with six items on a six-point scale ranging from 
“very difficult” (1) to “very easy” (6). The items were simplified by asking children to imagine 
smoking-related situations, for instance, “When I am offered a cigarette, I find it difficult/
easy to refuse.” A higher score indicated higher efficacy to refuse a cigarette. Omega was 
.84 at baseline and .86 at post-intervention. 
 Social Norm assessed child’s perception of the approval of mother, friends and best 
friends to smoke (de Vries et al., 1995) on a three-point scale from “definitely not” (1) to 
“definitely” (4). 
 Parental smoking was assessed by asking parents what stage of smoking applied to 
them (Harakeh et al., 2005; de Vries, Engels, Kremers, Wetzels, & Mudde, 2003). This was 
measured on an eight-point scale from “never smoked” (1) to “I smoked at least once a 
day” (8). Mothers also reported fathers’ smoking on the same scale as their own smoking 
behavior. Both parents were classified into three groups based on their lifetime smoking 
status: never smoker, former smoker and current smoker. Six levels were constructed by 
combining responses on smoking status of both parents (den Exter Blokland, Engels, Hale 
III, Meeus, & Willemsen, 2004; Otten et al., 2007).
Analyses
In order to assess whether randomization was successful, we examined the differences 
between the intervention and control condition in relevant covariates (gender, age, 
ethnicity child and mother, education level father and mother, presence of asthma 
diagnosis, parental smoking behavior) as well as baseline levels of anti-smoking 
socialization and smoking-related cognitions using logistic regression analyses. Loss to 
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follow-up was also examined with logistic attrition analyses using post-intervention as 
outcome and covariates, anti-smoking socialization, smoking-related cognitions, and 
condition as predictors.
 Program effects were analyzed (SPSS version 19) according to the intention-to-treat 
principle (n = 1,398) and the completers-only framework (n = 1,329). For the intention-to-
treat analysis, missing data were handled using multiple imputations implemented in 
SPSS. To conduct imputation, the predictive mean matching method was used for 
continuous variables (a variant of linear regression that matches imputed values computed 
by regression model to the closest observed value (IBM, 2010)), and logistic regression was 
used for categorical variables. The results across 20 imputed datasets were combined by 
averaging these effects (i.e., pooling).
 Examining the effects of the program on anti-smoking socialization and smoking-
related cognitions, we first looked univariately. Independent t-tests were used to examine 
mean differences between the intervention and control condition. Second, multiple 
regression analyses were used to look at differences between the intervention and control 
condition, controlling for baseline measures of anti-smoking socialization or smoking-re-
lated cognitions and covariates. Finally, we examined whether parental smoking 
moderated the association between the program and anti-smoking socialization. 
Therefore, interactions were computed as the product of the condition and parental 
smoking after centering both variables to prevent multicollinearity. These were added as 
a second step in the multivariate analyses. 
 Since children from the same schools may share common attitudes and behaviors 
(i.e., clustering), intraclass correlations (ICC) were calculated to determine the effects of 
school clustering. The ICC for anti-smoking socialization had a mean of .05, and smoking-
related cognitions had a mean ICC of .02, indicating that only a small part of the variance 
could be explained by a school effect. Therefore, we decided to run the analyses without 
adjustment.
 The intervention integrity of the program was assessed by asking children how many 
modules they had read independently and whether they read parts of it or the entire 
module. A range of 0 to 5 modules was possible. 
Results
Participant flow 
To recruit participants, a letter was send to 1,347 schools with a request to distribute a 
letter to all children aged 9 to 11. After calling the schools, 630 (47%) did wish to participate; 
497 (37%) declined to participate; and 220 (16%) were not called as there were already a 
sufficient numbers of participants. In total, 630 schools distributed the letters to the 
children, which ultimately led to a sample of 1,490 children and mothers. From 12 families, 
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we received a baseline measurement of the mother only. Therefore, these families were 
excluded (n = 12). Overall, 728 children were randomized in the intervention condition 
and 750 children in the control condition (a total of 418 schools, see Figure 1). Children 
who had already puffed a cigarette at baseline (n = 80, 5.4%) were included in the program, 
due to confidentiality, but excluded from the analyses, leaving 1,398 never-smoking 
children eligible for the analyses. In sum, 1,329 children (95.1%) completed the post-inter-
vention measurement. Intention-to-treat analyses were based on 1,398 children who did 
not try smoking at baseline.
Baseline Characteristics
Table 1 shows the baseline characteristics of the children and mothers in the intervention 
and control condition. Slightly more girls (52.6%) than boys (47.4%) participated in the 
study. Children were between 8 to 12 years old, with a mean age of 10.11 (SD = .78). The 
majority of participants were Dutch (98.2%). Most parents had completed technical and 
vocational training (mother: 40.9%, father: 44.8%) or college/university (mother: 38.0%, 
father: 40.5%). A small number of the children had asthma (14.1%). Significant differences 
between the intervention and control condition were found for gender (OR = 1.43, 95% CI 
= 1.13 - 1.80, p = .002) and asthma (OR = 1.42, 95% CI = 1.01 - 1.98, p = .05).
Loss to follow-up
Attrition from baseline to post-intervention measure was low (4.9%). Logistic regression 
with attrition as the dependent variable shows that more children in the intervention 
condition (8%) dropped out than children in the control condition (2%) (OR = .17; 95% 
CI = .08 - .37, p < .001). Reasons for dropout include loss of interest in participating or 
inability of investigators to get in touch with the children (either by phone or by paper 
questionnaires).
Intervention Integrity
To assess implementation integrity of the program, children completed participation 
records at post-intervention. Of the 628 families participating in the intervention, 81% of 
the children read and completed at least 3 of 5 activity modules. Of the 701 control 
families, 73% read and completed 3 of 5 fact sheets.
Program effects on anti-smoking socialization
Table 2 presents the univariate outcomes for different anti-smoking socialization aspects 
at post-intervention across the two conditions. Table 3 presents the results of the 
intervention on anti-smoking socialization using multiple regression analyses. The results 
showed a significant effect of condition for the frequency of communication (B = .11, 
p < .001), non-smoking agreement (B = .07, p = .001), and perceived maternal influence 
(B = .09, p = .03). Compared to the control, children who completed the program reported 
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Figure 1   Flow of Participants through the Trial
Randomization 
Schools (n = 418) 
(Mothers and children (N = 1,478))  
December 2008-
June 2009 
February 2009-
October 2009 
July 2009- 
January 2010  
Schools assessed for 
eligibility (N = 1,347)  
Baseline assessment 
Mother (N = 1,490) 
Child (N = 1,478)  
Participants excluded: 
 Only mother interviewed  
 (n = 12) 
Schools excluded (n = 717): 
 Did declined to participate 
 after telephone contact 
 (n = 497)  
 Did not had telephone 
 contact with the school
 (n = 220)  
Sc
ho
ol
 le
ve
l 
Schools distributed 
letters (n = 630)  
Control condition  
(n = 750) 
Post intervention assessment  
(6 months) (n = 734) 
 Refusal to participate further 
 (n = 8)  
 Lost to follow-up (n = 6) 
 Other reasons (n = 2) 
Post intervention assessment 
(6 months) (n = 671) 
 Refusal to participate further 
 (n = 34)  
 Lost to follow-up (n = 22) 
 Other reasons (n = 1) 
Analyzed ITT (n = 683)  
Analyzed completers-only 
(n = 628)  
Excluded from analyses 
Baseline smoker (n = 45) 
Analyzed ITT (n = 715)  
Analyzed completers-only
(n = 701)   
Excluded from analyses 
Baseline smoker (n = 35) 
Intervention condition  
(n = 728) 
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Table 1   Baseline Characteristics of Smoke-free Kids
In
te
rv
en
ti
on
 
co
nd
it
io
n
(n
 =
 6
83
)
Co
nt
ro
l
co
nd
it
io
n
(n
=7
15
)
To
ta
l
(N
=1
,3
98
)
Si
gn
if
ic
an
t 
di
ff
er
en
ce
  
I a
nd
 C
+
Characteristics Age child (mean (SD)) 10.13  
(.78)
10.08 
(.77)
10.10 
(.78)
n.s.
Gender
  Female (%)
  Male (%)
56.5
43.5
48.8
51.2
52.6
47.4
p = .003
Smoking status parents (%)
   Both never smokers
   One former and one  
never smoker
  Both former smokers
   One current and one 
never smoker
   One current  and one 
former smoker
  Both current smoker 
22.3
25.7
16.7
12.2
11.6
11.5
23.9
22.9
16.7
13.4
11.6
11.6
23.1
24.3
16.7
12.8
11.6
11.5
n.s.
Ethnicity mother (%)
  Dutch
  Other
98.4
1.6
98.2
1.8
98.3
1.7
n.s.
Ethnicity child (%)
  Dutch 
  Other
98.7
1.3
97.8
2.2
98.2
1.8
n.s.
Education mother (%)
  Primary school
  Secondary school
Technical and  
vocational training
  College
  University
.9
20.6
40.6
28.7
9.0
.7
19.5
41.2
30.1
8.3
.8
20.0
40.9
29.4
8.6
n.s.
Education father (%)
  Primary school
  Secondary school
Technical and  
vocational training
  College
  University
1.1
12.9
44.7
26.8
14.6
1.1
12.8
46.4
26.3
13.5
1.1
12.5
44.8
26.5
14.0
n.s.
Asthma (%)
  Yes
  No
16.1
83.9
12.2
87.8
14.1
85.9
p =.04
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Table 1   Continued
In
te
rv
en
ti
on
 
co
nd
it
io
n
(n
 =
 6
83
)
Co
nt
ro
l
co
nd
it
io
n
(n
=7
15
)
To
ta
l
(N
=1
,3
98
)
Si
gn
if
ic
an
t 
di
ff
er
en
ce
  
I a
nd
 C
+
Anti-smoking 
socialization 
(mean 
(SD))
(mean 
(SD))
(mean 
(SD))
Quality of communication 2.67 (.34) 2.67 (.35) 2.67 (.34) n.s.
Frequency of 
communication 
1.77 (.46) 1.75 (.45) 1.76 (.45) n.s.
Smoking house rule inside 2.05 (.90) 2.08 (.91) 2.07 (.91) n.s.
Smoking house rule outside 2.41 (.84) 2.45 (.82) 2.43 (.83) n.s.
Non-smoking agreement .24 (.43) .19 (.39) .21 (.41) n.s.
Availability 1.44 (.73) 1.47 (.75) 1.45 (.74) n.s.
Maternal influences 3.30 (.76) 3.31 (.74) 3.31 (.75) n.s.
Anticipated maternal 
reactions to smoking 1 
(conflict engagement) 
2.42 (.79) 2.41 (.78) 2.41 (.78) n.s.
Anticipated maternal 
reactions to smoking 2 
(disclosing disappointment) 
2.78 (.52) 2.78 (.53) 2.78 (.53) n.s.
Anticipated maternal 
reactions to smoking 3 
(withdrawal) 
2.83 (.49) 2.82 (.48) 2.82 (.49) n.s.
Anticipated maternal 
reactions to smoking 4 
(positive problem solving) 
2.88 (.40) 2.90 (.37) 2.89 (.39) n.s.
Smoking-related 
cognitions 
Attitude 1.10 (.14) 1.10 (.16) 1.10 (.15) n.s.
Self-efficacy 4.75 (.98) 4.75 (.96) 4.75 (.97) n.s.
Social norms of friends 1.77 (.69) 1.81 (.74) 1.79 (.71) n.s.
Social norms of best friends 1.64 (.72) 1.66 (.74) 1.65 (.73) n.s.
Social norms of mother 1.24 (.50) 1.27 (.52) 1.26 (.51) n.s.
Note. n.s. = p > .05. +Logistic regression analyses were used to compare the intervention with the control 
condition.
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engaging in more frequent discussions about smoking, creating a non-smoking contract, 
and receiving rules about smoking from the mother (i.e. more maternal influence) after the 
intervention. No significant effects of condition were found on quality of communication, 
availability of cigarettes, smoking house rule for inside and outside smoking, and anticipated 
maternal reactions to smoking. These results were replicated in the completers-only 
analysis. For all of the above outcome measures, no significant interaction effect with 
parental smoking behavior was found, indicating that the associations between the 
condition and the outcome measure were the same for never, former, or current parent 
smokers.
Program effects on smoking-related cognitions
Table 2 presents the univariate outcomes for smoking-related cognitions at post-interven-
tion across conditions. Table 4 summarizes the effects of the intervention on smoking-re-
lated cognitions at post-intervention measurement using multiple regression analyses. 
Significant effects of condition were found for self-efficacy (B = -.09, p = .02) as well as for 
social norms of friends (B = -.08, p = .05) and best friends (B = -11, p = .01). Self-efficacy of 
children and social norms of friends and best friends were lower in the intervention 
condition compared to the control condition. No significant effects were found for 
attitudes or social norms of the mother. For the completers-only analysis, social norms of 
mothers showed a trend towards significance (B = -.05, p = .08), indicating that children in 
the intervention condition perceived their mothers as less likely to approve their smoking 
behavior compared to children in the control condition.
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Discussion
The present study evaluated the short-term effects of the Smoke-free Kids program on 
anti-smoking socialization and smoking-related cognitions of children aged 9 to 11 and 
the moderating role of parental smoking using a RCT. The results confirm the program 
effects for several anti-smoking socialization aspects and smoking-related cognitions. No 
moderating effect of parental smoking was found.
Anti-smoking socialization
Concerning anti-smoking socialization, positive program effects were found for frequency 
of communication, non-smoking agreement, and perceived maternal influences. After 
completion of the program, children participating in the intervention reported more 
frequent discussions about smoking compared with the control condition. Their active 
involvement in discussions about smoking is also reflected in the high participation rate, 
as 82% reported that they had read and completed at least 3 of 5 activity modules. This is 
comparable to other parent-based prevention studies (e.g., Bauman, Ennett, Foshee, 
Pemberton, King, & Koch, 2002; Mares, van de Vorst, Vermeulen-Smit, Lichtwarck-Aschoff, 
Verdurmen, & Engels, 2012). For non-smoking agreement, children who participated in the 
intervention were more likely to have developed a non-smoking agreement with their 
parents compared to the control condition. For perceived maternal influence, children in 
the intervention condition were more convinced that their mother could prevent them 
from smoking, perhaps because of the closeness that developed between mother and 
child by working together throughout the intervention program.
 No program effects were found for quality of communication, smoking-specific 
house rules, availability of cigarettes at home, or anticipated maternal reaction. A possible 
explanation for the lack of effect on quality of communication could be that mothers and 
children do not talk about smoking in a conversational manner at this age. Moreover, the 
content of a conversation may be limited to warning children about harmful health effects 
of smoking instead of discussing strategies to resist smoking, for example. We expect that 
effects on quality of communication are more likely to be found during adolescence, 
because the process of communication might change. Furthermore, lack of effects for 
smoking-specific house rules and availability of cigarettes at home could reflect the fact 
that these children were relatively young. At this age, mothers are generally intolerant of 
their children’s smoking. For anticipated maternal reaction, one possibility could be that 
the children never experienced parental reactions on smoking until discussing it in the 
program.
 The results indicate that the program has small but positive short-term effects on 
smoking-specific socialization indicators. The findings are comparable with a home-based 
alcohol use prevention program (Mares et al., 2012). A possible explanation for these small 
effects is that the children are still young. During the intervention, mothers and children 
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talked more about smoking and creating a non-smoking agreement; outside the program, 
however, these mothers probably did not need to use anti-smoking socialization skills, 
because most children had not started smoking. We expect to find larger effects of the 
learned anti-smoking socialization on smoking behavior during adolescence.
Smoking-related cognitions
For smoking-related cognitions, an intervention effect was found for self-efficacy as well 
as social norms of friends and best friends. Self-efficacy of children in the intervention 
condition was lower compared to the control condition. This was the opposite of what we 
expected. An explanation for a lower self-efficacy could be that the children in the 
intervention practiced their self-efficacy in one of the activity modules. Consequently, 
these children assessed their self-efficacy more critically. For social norms of friends and 
best friends, children in the intervention believed that their friends would be less likely to 
approve of their smoking compared to children in the control. The same held true for 
social norms of mother, which shows a significant trend indicating that children in the 
intervention perceived their mothers as less likely to approve of their smoking behavior.
 For attitudes, no program effects were found. One explanation could be that children 
already had very negative beliefs toward smoking before the start of the program. 
Previous studies show that ideas about smoking are formed early in life, long before 
children start using cigarettes (Leventhal & Cleary, 1980). This could explain why no effects 
of the Smoke-free Kids program were found. Our results are comparable with other 
attitude research (Hahn, Hall, Rayens, Burt, Corley, Sheffel, 2000; Porcellato, Dugdill, 
Springett, & Sanderson, 1999; Porcellato, Dugdill, & Springett, 2005).
Parental smoking
The program worked similarly for smoking and non-smoking parents, according to our 
findings. This was the first time that the Smoke-free Kids program was tested in a sample 
consisting of smoking and non-smoking parents. Jackson and Dickinson tested the 
program effects on smoking behavior of the child among smoking (Jackson & Dickinson, 
2003; 2006) and non-smoking parents (Jackson & Dickinson, 2011) in two separate studies. 
Previous research on anti-smoking socialization show that both smoking and smoking 
non-parents can be effective in preventing their children from smoking. However, the 
effectiveness of anti-smoking socialization practices can be affected by parental smoking 
status (den Exter Blokland et al., 2006; Engels & Willemsen, 2004; Harakeh et al., 2005; 
Jackson & Henriksen, 1997; Ringlever et al., 2011). In the future, we should test whether 
parental smoking moderates the effects of the program on smoking onset.
Limitations
Some limitations of this study should be acknowledged. First, we consider the potential 
for selection biases based on the active informed consent. Mothers were actively asked if 
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they would like to participate. This may have led to more middle to highly educated 
mothers in the sample, which may have affected the generalizability of our findings. 
Second, data were collected through self-reports. Participants may have provided socially 
desirable responses or may have answered erroneously. Furthermore, parenting practices 
reported by children may be more reliable than reports by the parents themselves (Engels, 
Finkenauer, Meeuw, & Dekovic, 2001). Third, the questionnaires had fewer answer choices 
compared to the original questionnaire as a result of the conducted telephone interviews. 
Therefore, ceiling-effects for quality of communication and attitudes may have occurred, 
which may have limited the possibility for improvement. Fourth, the Smoke-free Kids 
program is based on some anti-smoking socialization aspects that show contradictory 
associations with smoking initiation during adolescence. However, the present study 
aimed to use this set of parenting measures in an earlier age group in order to test the 
predictive value of smoking prevention as well as their effect on cognitions that precede 
the actual behavior (i.e., smoking). It is possible that some of the ambiguous outcomes in 
research on smoking in adolescence show convincing and unambiguous patterns of 
findings for a younger age group. Finally, for practical reasons, the program focused on 
mothers instead of both parents. Previous research indicates differences between fathers 
and mothers in communication about smoking, suggesting that mothers are more 
positive about anti-smoking socialization compared to fathers (Engels & Willemsen, 2004; 
Harakeh et al., 2005). In future research, fathers should be taken into account, as they may 
affect the effectiveness of a prevention program in families. 
 In conclusion, the present study shows that the Smoke-free Kids program has 
potential to change some aspects of anti-smoking socialization and smoking-related 
cognitions. While the results of the present short-term study are promising, long-term 
follow-up assessments of children’s smoking behavior are needed.
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CHAPTER 9
Abstract
The aim of the study was to evaluate the long-term effects (i.e., 36 months) of a home-based 
smoking prevention program ‘Smoke-free Kids’ during preadolescence on smoking 
initiation and test the potential moderating role of parental smoking, socioeconomic 
status, and asthma. Therefore a cluster randomized controlled trial in 9-11 years old 
children and their mothers was used. Families were recruited from 418 elementary schools 
in the Netherlands. In 2008, 1,478 children and their mothers enrolled into the study. 
Inclusion criteria: mothers and children needed to read and speak Dutch and one child per 
household could participate. An independent statistician randomly allocated schools to 
the intervention or control condition using a 1:1 ratio (single blind): 728 children in the 
intervention and 750 in the control condition. Intention-to-treat analysis was performed 
on 1,398 non-smoking children at baseline. The intervention condition received five 
activity modules, including a communication sheet for mothers, by mail at four-week 
intervals and one booster module one year after baseline. The control condition received 
a fact-based intervention only. The main outcome was smoking initiation (i.e., first instance 
of puffing on a cigarette). Results showed that in the intervention 10.8% of the children 
started smoking compared to 12% in the control condition. The difference between the 
two conditions was non-significant (OR = .90, 95% CI = .63 - 1.27, p = .54). No moderating 
effects were found. In conclusion, no effects on the prevention of smoking initiation after 
36 months were found. Perhaps, the program was implemented with children that were 
too young. Programs closer to the age of smoking onset should be tested.
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LONG-TERM EFFECTS OF SMOKE-FREE KIDS
Introduction
Smoking is the leading cause of preventable death, killing more than six million people 
each year (WHO, 2012). A major increase in smoking rates can be observed during 
adolescence. Therefore, preventing tobacco use among children is important, particularly 
because delaying the age of the first puff decreases risk of developing long, enduring 
smoking patterns (Chassin, Clark, Pitts, & Sherman, 2000).
 Most smoking prevention programs take place at school. The majority of these 
programs show positive short-term effects while evidence on the long-term effects is not 
yet convincing (Flay, 2009; Thomas & Perera, 2006). A possible explanation is that most 
programs take place during secondary school years. Previous research showed that 
particularly children who are transitioning from primary to secondary school (in the 
Netherlands children at age 12) are vulnerable to factors leading to smoking (Côté, Godin, 
& Gagné, 2004). Therefore, it is important to intervene with children before they form 
attitudes and beliefs about smoking and before they have to deal with smoking-related 
situations with peers.
 Another explanation could be that school programs generally disregard the role of 
parents (Glyn, 1989). Involving parents in smoking prevention may be crucial, as parents 
can affect their children’s risk of smoking through parenting practices specifically aimed at 
smoking (Chassin et al., 1994; Davis, & Gonzalez, 2005) Parental anti-smoking socialization 
consists of discussing smoking-related topics, setting rules not to smoke at home, 
establishing a non-smoking agreement, limiting the availability of cigarettes at home, and 
providing appropriate reactions regarding their child’s smoking (Engels & Willemsen, 
2004; Sargent & Dalton, 2001).
 The ‘Smoke-free Kids’ program developed in the U.S. is a successful smoking 
prevention program targeting parenting practices (Jackson & Dickinson, 2003; 2006). This 
home-based smoking intervention program for parents and elementary school-aged 
children deals with anti-smoking socialization strategies to assist parents in preventing 
their children from smoking (Jackson & Dickinson, 2003). After 36 months, 12% of children 
in the intervention condition tried smoking compared to 19% in the control condition (OR = 
2.16,  95% CI = 1.39 - 3.37, p < .001) (Jackson & Dickinson, 2006). In a later trial for children of 
non-smoking parents, no program effects were found (Jackson & Dickinson, 2011).
 It is important to replicate the U.S. trial (Jackson & Dickinson, 2003; 2006) in other 
Western countries before implementing the Smoke-free Kids intervention program. The 
present study evaluated the long-term effects (i.e., 36 months) of an adapted intervention 
on smoking initiation using a cluster randomized controlled trial. We also tested whether 
the program effects would differ by parental smoking and Socio-Economic Status (SES) as 
well as for children with asthmatic symptoms. Previous research showed that children of 
smoking parents are more likely to start smoking compared to children of non-smoking 
parents (Gilman et al., 2009; Leonardi-Bee, Jere, & Britton, 2011). Children from low SES 
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families are more likely to start smoking compared to children from higher SES (Hanson & 
Chen, 2007), and children with asthmatic symptoms are more likely to start smoking 
compared to their non-asthmatic peers (Mcleish & Zvolensky, 2010).
Methods
Procedure and participants
Baseline to 36 months data were used. The program is based on the U.S. version (Jackson 
& Dickinson, 2003; 2006) and has the same objective, although the content and layout of 
the Dutch version were modified (for more information: trial protocol (Hiemstra, Ringlever, 
Otten, Jackson, van Schayck, & Engels, 2009)). Families were recruited predominantly via 
primary schools (i.e., active informed consent) in the Netherlands. Specifically, school 
boards were asked to distribute letters to parents via their children. Participation was 
possible if the following inclusion criteria were met: children had to be 9 to 11 years old, 
adults had to be mothers or female guardians, both mother and child had to be able to 
read and speak Dutch, and only one child per household was eligible to participate. A total 
of 1,478 mothers and children were eligible, including a subsample of approximately 200 
children with asthmatic symptoms (recruited for a sub aim (Hiemstra et al., 2009)).
 The data were collected using telephone interviews or questionnaires at all waves. 
Trained Master students administered the telephone interviews with mother and child. 
Prior to the interview, mothers and children were assured privacy and confidentiality. 
Questionnaires were sent to mothers and children by mail and returned in enclosed 
envelopes. The baseline assessment of mother and child were conducted between 
December 2008 and June 2009. From February 2008 to September 2009, the intervention 
was mailed to participants in both conditions at four-week intervals. The follow-up 
measures with children were conducted at 6, 12, 24, and 36 months after baseline via 
telephone or mail. The 36 months assessment was conducted between December 2011 
and June 2012. Each family received €10 for completing all measurements. In addition, five 
travellers’ checks of €1000 were raffled among these families. This study was approved by 
the ethics committee of the Faculty of Social Sciences at the Radboud University Nijmegen.
Sample size
A power calculation indicated that 428 children were needed per condition to detect a 
10% difference between the control and intervention condition in smoking initiation 
among 12 to 14 years old adolescents (i.e., 36-month follow-up) using a two-tailed test 
with α = .05 and power (1-β) = .80. We accounted for data clustering and imputations in 
case of missing data. Therefore, a minimum of 856 children and mothers were needed to 
detect significant differences in smoking initiation.
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Randomization and masking
An independent statistician randomly allocated schools to the intervention or control 
condition (allocation ratio (1:1)). To avoid contamination between the two conditions, all 
children from one school were allocated to the same condition. Based on the baseline 
assessment, children were stratified by the number of asthmatic children. Participants 
were blind to randomization (i.e., single-blind trial).
Intervention
In the intervention condition, families received five printed activity modules by mail at 
four-week intervals. These modules included different assignments to gradually increase 
parental skills and comfort in communicating with children about smoking, addiction, 
and expectations regarding abstinence. Each module included structured interactions, 
such as games and scripted role-plays, to engage mother and child simultaneously. Each 
module intervened on different socialization constructs (for more details see Hiemstra et 
al., 2009). All five activity modules included a communication sheet for mothers, providing 
background information about the subjects discussed in the modules and communication 
tips for mothers. Finally, a booster module was delivered 12-months post-baseline.
 A fact-based program was developed for the control condition because it would be 
unethical to recruit families for an intervention program while not offering them a 
program afterwards. The fact sheets provided information on youth smoking and directed 
parents’ attention towards macro-level variables relevant to youth smoking but not 
targeted by the intervention version. The mothers received the program along with the 
intervention condition but did not receive a booster.
Outcome measures
 Smoking initiation of children was assessed at each wave using a well-established 
measure (Kremers, Mudde, & de Vries, 2001). Children were asked to report, on a nine-point scale, 
which stage of smoking applied to them. Response categories ranged from 1 = I have never 
smoked, not even one puff to 9 = I smoke at least once a day. This was recoded to 0 = never 
smoker and 1 = smoker (i.e., any experience with lifetime smoking) (Harakeh, Scholte, de 
Vries, & Engels, 2005). If children reported irregular smoking behaviour over time and tried 
smoking at one of the different time points, we indicated them as smoker. The percentage 
of children with irregular smoking responses was 0% at 6 months, 0.4% at 12 months, 1.2% 
at 24 months, and 2.3% at 36 months.
 Parental smoking was assessed on an eight-point scale ranging from 1 = never smoked, 
not even a puff to 8 = I smoked at least once a day by asking mothers about their and their 
partners’ smoking at baseline (Harakeh et al., 2005). Based on their lifetime smoking status, 
both parents were classified to three groups, never, former, and current smoker. Six levels 
were constructed by combining responses of both parents.
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 SES was measured using the educational level of the parents at baseline. Educational 
level was assessed on a 9-point scale ranging from 1 = primary school to 9 = university. 
Parents were allocated to lower, middle, or higher education. The educational level of 
parents was combined to 0 = both parents follow lower education or one lower and one 
middle education; 1 = both parents followed middle education or one followed lower and 
one followed higher education; 2 = both parents followed higher education or one 
followed middle and one followed higher education (Ringlever, Otten, Van Schayck, & 
Engels, 2011).
 Asthma. Children were categorized as having asthma if mothers responded ‘yes’ to 
the two following questions at baseline: ‘Does your child ever have had asthma?’ and ‘Did a 
physician confirm that your child has asthma’ (Ringlever et al., 2011).
Statistical analysis
We examined the differences between the intervention and control conditions in 
covariates (i.e., gender, age, ethnicity child and mother, smoking behavior parents, SES, 
and asthma) and smoking initiation to determine whether randomization was successful. 
Loss to follow-up was examined with logistic attrition analyses using 36 months follow-up 
as outcome and covariates, smoking initiation, and condition as predictors.
 Program effects were analyzed (SPSS version 19) according to the intention-to-treat 
principle (n = 1,398) and the completers-only framework (n = 1,238). For the intention-to-
treat analysis, missing data were handled using multiple imputations implemented in 
SPSS. To impute the missing values, all model variables were used as predictors. In addition, 
smoking-related cognitions (i.e., attitude, self-efficacy, social norm of mother and friends) 
at baseline were used as additional predictors of smoking initiation because they are 
strongly related to smoking initiation (e.g., Theory of Planned Behaviour). Using more 
related predictor variables and a larger number of imputations allows more accurate 
standard errors to be computed (Donders, van der Heijden, Stijnend, & Moonsc, 2006). The 
predictive mean matching method (a variant of linear regression that matches imputed 
values computed by regression model to the closest observed value) was used to impute 
continuous variables and logistic regression was used for categorical variables. In total, 20 
datasets were imputed, and the results were combined by averaging these effects (i.e., 
pooling).
 Examining the effects of the program on smoking initiation, we first looked univariately 
using χ2 tests to examine mean differences between conditions. Second, multiple regression 
analyses were used to look at differences between the two conditions controlling for 
covariates. In the first step, we controlled for asthma and gender because we found 
significant differences at baseline. In the second step, we tested for the effects of the 
Smoke-free Kids program. In the third step, we tested the moderating role of parental 
smoking, SES, and asthma on the association between the program and smoking initiation 
separately.
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 Since children from the same schools may share common attitudes and behaviors 
(i.e., clustering), intraclass correlations (ICC) were calculated to determine the effects of 
school clustering. The ICC for smoking initiation was zero, indicating that the variance 
could not be explained by a school effect. Therefore, we ran the analyses without 
adjustment.
Results
Figure 1 shows the trial profile. To recruit participants, we sent a request to 1,347 schools 
to distribute a recruitment letter to all children aged 9 to 11. After calling the schools, 630 
(47%) agreed to participate, 497 (37%) declined to participate, 220 (16%) did not need to be 
contacted as we already had enough participants. From 630 participating schools, 1,490 
children and mothers were recruited. Of these, 12 families provided baseline measurements 
only for mothers, thus they were excluded. Overall, 728 children were randomized in the 
intervention condition and 750 children in the control condition. Children who had 
already puffed a cigarette at baseline (n = 80, 5.4%) were included in the program but 
excluded from analysis, leaving 1,398 never-smoking children eligible for the analyses. The 
retention rates were high, with 1,328 children (95%) completing the 6 month, 1,284 
children (91.8%) the 12 month, 1,255 children (89.8%) the 24 month, and 1,238 children 
(88.6%) the 36 month follow-up. Attrition from baseline to 36 month follow-up was 11.4%. 
Logistic regression showed that children in the intervention condition (15.4%) were more 
likely to drop out compared with children in the control condition (7.7%) (OR = 2.56, 95% CI 
= 1.77- 3.70, p < .001). Children of one current and one former smoking parent were more 
likely to drop out compared to children from two never smoking parents (OR = 1.80,  95% 
CI  = 1.02-3.20, p = .04 ).
Table 1 shows the baseline characteristics of the children and mothers by study condition. 
Significant differences between the intervention and control condition were found for 
gender (OR = 1.42, 95% CI = 1.14 - 1.77, p = .002) and asthma (OR = 1.46, 95% CI = 1.06 - 2.01, 
p= .02). At 36 months, 10.8% in the intervention condition and 12.0% in the control 
condition tried smoking (Table 2). Chi-square difference test did not show a significant 
mean difference between the two conditions. Table 3 shows the results of the intervention 
effect controlling for asthma and gender. No significant effects of condition were found 
for smoking initiation (OR = .90, 95% CI = .63- 1.27, p = .54) for the intention-to-treat analysis. 
The results were replicated in the completers-only analysis (OR = .90, 95% CI =  .64 - 1.29, 
p = .58). No significant interaction effects were found when controlling for parental smoking 
behavior, SES, and asthma, indicating that the associations between the condition and 
smoking initiation were the same (univariate results are available on request from the first 
author). 
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Figure 1   Flow of Participants through the Trial
Participants excluded: 
  Only mother interviewed  
(n = 12) 
Schools excluded (n = 717): 
  Did declined to participate 
after telephone contact (n = 497) 
  Did not had telephone contact 
with the school  (n = 220) 
Randomization 
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(N = 1,478)) 
Schools assessed for 
eligibility (N = 1,347)  
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Schools distributed  
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(n = 659)  
Excluded from ITT and 
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12 months assessment (n = 646) 
Lost to follow-up (n = 24) 
12 months assessment (n = 713) 
Lost to follow-up (n = 22) 
36 months assessment (n = 689) 
Lost to follow-up (n = 5) 
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24 months assessment (n = 633) 
Lost to follow-up (n = 13) 
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Lost to follow-up (n = 19) 
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November 2009  
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Post intervention assessment 
(6 months) (n = 670) 
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 To assess implementation integrity of the program, children completed participation 
records at 6-month follow-up. Of the families participating in the intervention, 81% of the 
children read and completed at least 3 of 5 activity modules. Of the control families, 73% 
read and completed 3 of 5 fact sheets.
Table 2   Smoking initiators from 6 months to 36 months follow-up measurement. 
Values are numbers (percentage) unless stated otherwise
Intervention 
condition 
Control 
Condition
Total P value*
6 months follow-up 5 (.8) 13 (1.8) 18 (1.4) .10
12 months follow-up 10 (1.6) 18 (2.7) 28 (2.2) .22
24 months follow-up 24 (4.0) 37 (5.6) 61 (4.8) .20
36 months follow-up 63 (10.8) 79 (12.0) 142 (11.4) .53
 
Note. * Chi-square differences test was used to examine the significant difference between the intervention 
and control condition
Table 3   Logistic regression analyses of the effect of the intervention on smoking 
initiation at 36 months follow-up
Variable OR (95% CI) P value
Intention-to-treat (n = 1,398)
Condition .90 (.63 - 1.27) .54
Asthma .93 (.56 - 1.54) .78
Gender .90 (.62 - 1.27) .52
Completers only (n = 1,238)
Condition .90 (.64 - 1.29) .58
Asthma .90 (.54 - 1.51) .69
Gender .88 (.62 - 1.26) .49
Note. Condition: 0 = control condition and 1 = intervention condition, OR = odds ratio CI = Confidence 
Interval.
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Discussion
The present study evaluated the long-term effects (i.e., 36 months) of a home-based 
smoking prevention program called ‘Smoke-free Kids’ on smoking initiation of children 
using a cluster randomized controlled trial. Contrary to the original trial for smoking 
parents (Jackson & Dickinson, 2003; 2006), we found non-significant effects of the program 
on the smoking initiation rates of children in the intervention versus the control condition 
(10.8% vs. 12.0%). Our results are comparable with a later trial conducted with non-smoking 
parents, which also reported no program effects (Jackson & Dickinson, 2011). Although, 
we tested the moderating role of parental smoking, we did not find difference in effects 
between smoking and non-smoking parents or moderating role of SES and asthma.
Comparison with other research
There are different explanations for the absence of program effects on smoking initiation. 
First, it could be that the prevention program for the children was too early. The program 
targeted young, 9-11 years old, children, while most children start smoking halfway 
through secondary school (i.e., age 14-16). Prevention in elementary aged children was 
too far from the actual age of onset. Recent studies on smoking prevention during 
elementary school showed similar results, showing no effects on smoking onset by 
prevention at elementary age (Crone, Spruijt, Dijkstra, Willemsen, & Paulussen, 2011; Elek, 
Wagstaff, & Hecht, 2010; Hopfer et al., 2010; Marsiglia, Kulis, Yabiku, Niere, & Coleman, 2011; 
O’neill, Clark, & Jones, 2010; Thomas, Baker, & Lorenzetti, 2007; Wang et al., 2011). More 
specifically, a Cochrane review on the effectiveness of family based program in children 
was published in 2007 (Thomas et al., 2007). From this review no firm conclusions could be 
drawn because of various quality levels of the executed RCT’s. More additional research is 
needed (Thomas et al., 2007). On the other hand, different elementary school-based 
prevention programs are performed. Another Cochrane review examined the effects of 
school-based smoking prevention programs on children and adolescents, however no 
distinction between prevention at elementary and secondary school was made. Therefore, 
no conclusion could be drawn either (Thomas & Perera, 2006). In 2010, Hopfer and 
colleagues reviewed substance use prevention in elementary schools. They found that 
substance use programs had no effect on the prevention of initiation of alcohol, tobacco, 
and other drugs during elementary school (Hopfer et al., 2010). Although, initiation was 
reported only in 4 of the 24 studies, and no distinction between different substance uses 
could be made. Recently, more studies examined the effectiveness of smoking prevention 
programs during elementary school. Most of these studies found no (Marsiglia et al., 2011; 
Wang et al., 2011; Crone et al., 2011) or negative (Elek et al., 2010) effects on smoking 
initiation. Marsiglia et al. (2011) found no effect of substance use programs conducted 
during elementary school on smoking, but they found a positive effect of the programs 
implemented during middle school. Crone and colleagues (2011) found a delayed effect 
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during secondary school. Nevertheless, one study found a protective effect on smoking 
initiation during elementary school (O’neill et al., 2010). Above-mentioned studies 
indicated that it might be too early to conduct smoking prevention during elementary 
school age, as it is unlikely to prevent children from smoking later in life. 
 Second explanation could be that the intervention program may have a delayed 
effect. At the last wave, an absolute difference in smoking between intervention and 
control condition was 1.2%. This difference could increase and give a delayed effect later 
during secondary school when more children start smoking (Crone et al., 2011). Third, a 
robust placebo effect could be present. Mothers and children in the control condition also 
elaborated on smoking matters after receiving the fact-sheets, reflected in the relatively 
high implementation rates. Therefore, in future studies, it would be better to use a passive 
control condition (i.e., standard care condition) next to an active control condition 
(Kinnunen et al., 2008). Fourth, low smoking rates could have affected the program effects. 
A reason for the low smoking rates overall could be the recent national decline in youth 
smoking (Stivoro, 2012). Another reason could be a measurement effect, implying that 
answering questions about attitude, intentions, and smoking regularly leads to self-mon-
itoring and subsequent behavioral regulation. Completing questionnaire items increases 
the acquisition of smoking-related cognitions, which might increase the likelihood of 
children to act in line with these cognitions (Morwitz & Fitzsimons, 2004). Future research 
could test this by varying the number of assessments during a study. Fifth, the intervention 
program should be better monitored in families. During the intervention, parents and 
children completed the program independently. A recent review showed that the 
adherence of implementation related to the positive outcomes of a family-based program 
(Thomas et al., 2007). Minimal intensity programs could not be strong enough to obtain 
behavior change.
 Despite the strengths of this study, such as the large sample size, low attrition rates, 
and relatively large time interval, the present study has some limitations. First, data were 
collected through self-reports. Participants may have provided socially desirable responses 
or may have answered erroneously. Previous research has shown that self-report data 
about smoking are generally reliable (Dolcini, Adler, Lee, & Bauman, 2003). Further, for 
practical reasons, the program focused on mothers instead of both parents. In future 
research, fathers should be considered when investigating the effect of the program. 
Lastly, generalizability to the larger population is limited since we used a volunteer sample. 
The findings are mainly generalizable to participants who are interested in anti-smoking 
socialization.
Conclusion and implications
The present study showed no effects of the home-based smoking prevention program 
‘Smoke-free Kids’ on smoking initiation during adolescence. The findings indicate the 
relevance of smoking prevention programs closer to the age of onset. Future studies 
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should test prevention efforts in an older sample, just before children start smoking. So far, 
smoking prevention during elementary age is not recommended.
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Abstract
The home-based smoking prevention program ‘Smoke-free Kids’ did not have an effect 
on primary outcome smoking initiation. A possible explanation may be that the program 
has a delayed effect. The aim of this study was to evaluate the effects on the development 
of important precursors of smoking behavior: smoking-related cognitions. This may give 
an indication of a possible delayed effect. We used a cluster randomized controlled trial in 
9- to 11-year-old children and their mothers. Families were recruited from 418 elementary 
schools in the Netherlands. In the intervention condition received five activity modules, 
including a communication sheet for mothers, by mail at four-week intervals and one 
booster module one year after baseline. The control condition received a fact-based 
intervention only. The secondary outcomes were attitudes, self-efficacy, and social norms. 
Latent Growth Curves analyses were used to calculate development of cognitions over 
time. Subsequently, path modeling was used to estimate the program effects on the 
initial level and growth of each cognition. In 2008, 1,478 children participated in the study: 
728 in the intervention and 750 in the control condition. Analyses were performed on 
1,398 non-smoking children at baseline. Results showed that the intervention condition 
was significantly related to the slope of social norms of the mothers (β = -.10, p = .03). No 
effects were found for the other cognitions. Based on the limited effects, we do not 
assume that the Smoke-free Kids program will have a delayed effect on smoking behavior 
later during adolescence.
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Introduction
Smoking during adolescence is a worldwide public-health problem (World Health 
Organization, 2012). By age 10, 4% of Dutch children have already tried smoking. This 
increases to 6% of 11-year-olds, 11% of 12-year-olds, and 35% of 14-year-olds (Stivoro, 2012). 
Children who try smoking at a young age are more likely to develop long-enduring 
smoking patterns (e.g., Chassin, Clark, Pitts, & Sherman, 2000). Tobacco prevention 
programs aim to delay the age of smoking onset and decrease the prevalence of early 
initiators. It is important to intervene before children form attitudes and beliefs about 
smoking and before they have to deal with smoking-related situations with peers. 
Therefore, smoking prevention in elementary school-aged children is important because 
most children are still non-smoking. In the United States, a smoking prevention program 
called ‘Smoke-free Kids’ for children of smoking parents has shown to be effective: positive 
effects on smoking initiation after 36 months was found. Only 12% of children had tried 
smoking in the intervention versus 19% in the control condition (OR = 2.16, 95% CI = 1.39-3.37, 
 p < .001) (Jackson & Dickinson, 2003; 2006). In a previous paper, we tested the long-term 
effects of the adapted Dutch Smoke-free Kids program on children of smoking and 
non-smoking parents (Hiemstra, Ringlever, Otten, Jackson, van Schayck, & Engels, 
submitted). After 36 months, we found that 10.8% of children in the intervention condition 
tried smoking compared with 12% in the intervention condition. This difference was not 
significant (OR = .90, 95% CI = .63-1.27, p = .54). Our results are in line with a later U.S. trial for 
children of non-smoking parents where similarly no program effects were found (Jackson 
& Dickinson, 2011). A possible explanation for the absence of effect may be that smoking 
prevention in elementary-aged children is too early, and too far from the actual age of 
onset to be related. Another related explanation may be that the program has a delayed 
effect (cf. Crone, Spruijt, Dijkstra, Willemsen, & Paulussen, 2011). At 36 months, there was a 
1.2% difference between the two conditions: this difference might become larger later in 
adolescence. To gain more insight into potential explanations, we examined whether the 
intervention program has an effect on some relevant precursors of smoking. Important 
predictors of smoking are smoking-related cognitions, such as attitudes, self-efficacy, and 
social norms of friends, best friend, and mother (Theory of Planned Behavior; Ajzen, 1991). 
On the short-term, we found that the program has effects on the social norms of friends, 
best friend, and mother (marginally), and self-efficacy (contrary to expectations) (Hiemstra, 
Ringlever, Otten, van Schayck, & Engels, 2013). In this study, we examined the effects of the 
intervention program on the development of these smoking-related cognitions from 
baseline to 36-month follow-up. We expect that when the program has an effect on the 
development of important precursors of smoking behavior, this may be an indication of a 
delayed effect on the smoking behavior of adolescents later in life.
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Methods
Procedure and participants
Data was derived from a Dutch home-based smoking prevention program called 
Smoke-free Kids (Hiemstra et al., 2009). In 2008, a letter was sent to 1,347 schools requesting 
that they distribute a letter to all children aged 9 to 11 to recruit participants. After 
telephonic contact with the schools, 630 (47%) were willing to participate. Participation by 
the families was given by returning the recruitment letter or registering online via a 
secured webpage. Participants had to fit the following inclusion criteria: children had to 
be between 9- and 11-years-old; participating adults had to be mothers or female 
guardians; both mother and child needed to be able to read and speak Dutch, and only 
one child per household was eligible to participate. A total of 1,490 mothers and children 
were selected.
 Data were collected by means of telephone interviews or by written questionnaires. 
Trained Master students administered the telephone interviews with mothers and children. 
Prior to the interview, mothers and children were assured privacy and confidentiality to 
encourage them to speak freely. Questionnaires were sent to mothers and children by 
mail and returned in enclosed envelopes. The baseline assessment of mothers and 
children took place between December 2008 and June 2009. From February 2008 to 
September 2009, the intervention was mailed at four-week intervals to participants of 
both conditions, consisting of five activity modules or fact sheets. The follow-up measures 
were 6, 12, 24, and 36 months after baseline and only assessed the children by telephone 
or mail. The 36-month assessment was conducted between December 2011 and June 
2012. Each family received €10 for completing all measurements (i.e., baseline to 36 
months). In addition, five travelers’ checks of €1000 were raffled among these families. The 
ethics committee of the Faculty of Social Sciences at the Radboud University Nijmegen 
approved the trial protocol registered in the Dutch Trial Register (NTR1465).
Participants
A total of 1,490 mothers and children were selected to participate in the study. From 12 
families, we received only a baseline measurement of the mother. Therefore, these families 
were excluded. Overall, 1,478 children were randomized in the intervention condition 
(n = 728) and in the control condition (n = 750) (a total of 418 schools). Children who had 
already puffed a cigarette at baseline (n = 80, 5.4%) were included in the program, due to 
confidentiality, but excluded from the analyses, leaving 1,398 never-smoking children 
eligible for the analyses. Overall, 1,328 children (95%) at 6 months, 1,284 children (91.8%) at 
12 months, 1,255 children (89.8%) at 24 months, and 1,238 children (88.6%) at 36 months 
participated (Figure 1). Attrition analysis comparing children that participated in wave five 
and those that dropped out showed that children of the intervention condition were 
more likely to drop out than children in the control condition (OR = 2.61, 95% CI = 1.78-3.84, 
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Figure 1   Flow of Participants through the Trial
Participants excluded: 
  Only mother interviewed  
(n = 12)  
Schools excluded (n = 717): 
  Did declined to participate 
after telephone contact (n = 497) 
  Did not had telephone contact 
with the school  (n = 220) 
Randomization 
Schools (n = 418) 
(Mothers and children 
(N = 1,478)) 
Schools assessed for 
eligibility (N = 1,347)  
Baseline assessment 
Mother (N = 1,490) 
Child (N = 1,478)  
Sc
ho
ol
 le
ve
l 
Schools distributed  
letters (n = 630)  
December 2008-
June 2009 
Control condition (n = 750) Intervention condition (n = 728) February 2008-
September 2009 
Analyzed (n =579) 
Excluded from analyses: 
Baseline smoker (n = 44)  
Analyzed (n = 659)  
Excluded from analyses: 
Baseline smoker (n = 36)  
12 months assessment (n = 646) 
Lost to follow-up (n = 24) 
12 months assessment (n = 713) 
Lost to follow-up (n =22) 
36 months assessment (n = 689) 
Lost to follow-up (n = 5) 
December 2011- 
June 2012 
24 months assessment (n = 633) 
Lost to follow-up (n = 13) 
24 months assessment (n = 694) 
Lost to follow-up (n = 19) 
July 2009- 
November 2009  
December 2009- 
June 2010 
Post intervention assessment 
(6 months) (n = 670) 
Lost to follow-up (n = 58) 
Post intervention assessment  
(6 months) (n = 735) 
Lost to follow-up (n = 15) 
December 2010 
June 2011 
36 months assessment (n = 616) 
Lost to follow-up (n = 17) 
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p < .001). Children from one current and one former smoking parent were more likely to 
drop out than children from non-smoking parents (OR = 1.95, 95% CI = 1.07-3.57, p = .03). 
Reasons for dropout included loss of interest in participating or the inability of investigators 
to get in touch with the children (either by phone or by paper-based questionnaires).
 The final sample (n = 1,398) is characterized by a mean age of 10.10 (SD = .78) at 
baseline and consisting of 52.5% girls and 47.4% boys. The majority was Dutch (98.2%). 
Socio-economic status of parents was divided into low (25.2%), middle (26.6%), and high 
(48.2%). Fourteen percent of the children had asthma (Table 1).
Sample size
A power calculation indicated that 428 children were needed in both the intervention and 
the control condition to find a difference of 10% in smoking initiation at 36-month 
follow-up: a power of 80%, alpha of .05.
Randomization
Each school was randomly allocated to the intervention or control condition; this was 
done by an independent statistician (allocation ratio (1:1)). Based on the baseline 
assessment, schools were stratified by the number of asthmatic children. Participants 
were blind to randomization (single-blind trial).
Intervention
The intervention was based on the ‘Smoke-free Kids’ program developed in the United 
States (Jackson & Dickinson, 2003; 2006). This home-based smoking prevention program 
was adapted for the Dutch situation (for more details: Hiemstra et al., 2009). Mothers and 
children received five printed activity modules by mail at four-week intervals. These 
modules were designed to gradually increase parental skills and comfort level in 
communicating with children about smoking, addiction, and expectations regarding 
abstinence by performing different assignments. Each module included a high 
concentration of structured interactions that engages mother and child simultaneously, 
such as games, scripted role-plays, contests, and interviews. Each module intervened on 
different socialization variables, including general communication about smoking, the 
influence of smoking messages, the setting of rules, smoke-free houses and environments, 
the influence of smoking friends, and the handling of peer pressure (see, e.g., Hiemstra et 
al., 2009). All five activity modules included a communication sheet for mothers. These 
sheets provided background information about the subjects discussed in the modules 
and communication tips for mothers. Finally, a booster module was delivered 12-months 
post-baseline (after the post-intervention measure).
 As it would be unethical to recruit families for an intervention program while not 
offering them a program afterwards, a fact-based program was developed. The factsheets 
provided information on youth smoking, and directed parents’ attention towards 
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macro-level variables relevant to youth smoking but not targeted in the intervention (e.g., 
smoking prevalence among youths, ingredients of cigarettes, tobacco legislation). The 
mothers received the program parallel with the intervention condition, but did not receive 
a booster.
Secondary Outcomes
Smoking-related cognitions:
 Attitudes towards smoking assessed how children think about daily smoking. Children 
were asked what they think about daily smoking using the text: ‘I think that daily smoking 
is...’ Children responded either with negative attitudes (1), neutral attitudes (2) or positive 
attitudes (3). Negative attitudes were ‘unpleasant’ ‘harmful’, ‘useless’, ‘boring’, ‘dangerous’, 
‘unhealthy’, ‘bad’, and positive attitudes were ‘pleasant’, ‘harmless’, ‘useful’, ‘exciting’, ‘not 
dangerous’, ‘healthy’, and ‘good’ (Harakeh, Scholte, Vermulst, & Engels, 2004). Because of 
skewed data, the Omega (McDonald, 1999) was calculated instead of the Cronbach’s 
alpha. Omega’s across waves ranged from .82 to .90. A higher score reflected a pro-smoking 
attitude.
 Refusal self-efficacy referred to childrens’ confidence in their ability to stay a non-smoker 
and to refuse a cigarette (de Vries, Dijkstra, & Kuhlman, 1988; de Vries, Backbier, Kok, & 
Dijkstra, 1995; Engels, Knibbe, de Vries, & Drop, 1998; Engels, Knibbe, & Drop, 1999). This 
was measured with six items on a six-point scale ranging from ‘very difficult’ (1) to ‘very 
easy’ (6). The items were simplified by asking children to imagine smoking-related 
situations, for instance, ‘For me it is difficult/easy to stay a non-smoker’, ‘Imagine: When I 
am offered a cigarette, I find it difficult/easy to refuse’. A higher score indicated higher 
efficacy to refuse a cigarette. Omega’s across waves ranged from .84 to .88.
 Social Norms assessed children’s perceptions of the approval of mothers, friends and 
best friends about smoking (e.g., de Vries et al., 1995) using 3 items: Do you think your 
friends / your best friend / your mother would approve when you smoke (or would 
smoke)?” Responses were measured on a four-point scale ranging from ‘definitely not’ (1) 
to ‘definitely’ (4).
Statistical analyses
We first examined whether randomization was successful. Therefore, we tested the 
differences between the intervention and control condition at baseline for the covariates 
(i.e., gender, age, ethnicity child and mother, smoking behavior parents, SES, and asthma) 
and the smoking-related cognitions using SPSS 19.0. Significant differences between the 
intervention and control condition were found for gender (OR = 1.46, 95% CI = 1.16-1.83, p 
= .001) and asthma (OR = 1.42, 95% CI = 1.02-1.98, p = .04) (Table 1). Therefore, analyses on 
the effects of the program were corrected for gender and asthma. Loss to follow-up was 
examined with logistic attrition analyses using 36-month follow-up as outcome, and 
covariates, smoking-related cognitions, and condition as predictors.
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 The effectiveness analyses were conducted in two stages. First, individual development 
of smoking-related cognitions over time was estimated with latent growth analysis using 
Mplus 5.0 (Muthén & Muthén, 1998-2004). The parameters in the models were estimated 
applying the Maximum Likelihood estimator with Robust standard errors (MLR) due to the 
skewness of the distribution of the model variables. We also corrected for nested data 
within schools via the CLUSTER command in combination with TYPE = COMPLEX 
procedure. With this method, standard errors of the estimated parameters are corrected 
for dependency, resulting in unbiased estimates. To find the best fit for all unconditional 
latent growth curves we ran a linear (i.e., intercept and slope) and a quadratic model. In all 
analyses, model fit was assessed by chi-square values (df ), the Comparative Fit Index (CFI), 
Tucker-Lewis Index (TLI), and the Root Mean Square Error of Approximation (RMSEA) 
(McDonald & Ho, 2002). Missing values were handled by using full information maximum 
likelihood (FIML) (Muthén & Muthén, 1998-2004).
 For attitudes and social norms of friends, best friend, and mother, a good linear 
model (i.e., initial level and growth across time) fit was found. For self-efficacy, a quadratic 
model fit the data more optimally (i.e., rate of acceleration) (Table 2). Second, to estimate 
the influence of the intervention on adolescents’ initial level and linear growth (and for 
self-efficacy rate of acceleration), path modeling was used separately for each smoking-
related cognition. These analyses were corrected for baseline differences of asthma and 
gender.
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Figure 2   Mean development of attitude (a), self-efficacy (b), social norm of friends (c), 
best friend (d) and mother (e) separately control and intervention condition
(a)
(b)
(c)
(d)
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Results
Descriptive statistics on smoking-related cognitions
At baseline, no significant differences were found between the intervention and control 
condition on the smoking-related cognitions (see Table 1). Figure 2a-e showed the means 
for the smoking-related cognitions at the various waves for the intervention and control 
conditions. Repeated measures indicated that the change of social norms among mothers 
differed significantly between the control and intervention conditions (Wilks’ Δ = .98, F 
(4-1104) = 4.89, p = .001). No differences in the attitudes, self-efficacy, and social norms of 
friends and best friends were found.
Effect on smoking-related cognitions
Table 3 depicts the relations between the intervention and the initial level and the 
development of smoking-related cognitions controlled for gender and asthma. Results 
showed that the intervention condition was significantly related to the slope of the social 
norms of mothers (β = -.10, p = .03). This indicates that for children in the intervention 
condition, the perceived maternal norm increased less strongly than for adolescents in 
the control condition. The lower the perceived maternal norm, the less likely that children 
thought that their mothers would approve their smoking behavior. No intervention 
effects were found on the initial level and the development of attitudes, self-efficacy, or 
social norms of friends and best friends.
Figure 2   Continued
(e)
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Discussion
The present study evaluated the long-term effects of a home-based smoking prevention 
program ‘Smoke-free Kids’ on children’s smoking-related cognitions (i.e., attitudes, 
self-efficacy, social norms of friends, best friends, and mother) using a cluster randomized 
controlled trial. We found that the Smoke-free Kids prevention program had an effect on 
the development of the perceived maternal social norm on smoking. For attitudes, 
self-efficacy, and social norms of friends and best friends, no significant program effects 
were found.
 The effect of the program on maternal social norms indicates that, compared to 
children in the control condition, more children in the intervention believed that their 
mother would be unlikely to approve of their smoking behavior. An explanation for the 
changing social norms of mothers in response to the intervention, whereas, those of 
friends and best friends had not, could be due to the fact that children work through the 
program together with their mother. Children talk with their mother about smoking 
during the program and become more aware of their mothers’ ideas about smoking-re-
lated topics. This is likely not the case for peers because only a small percentage of friends 
were smoking at this age.
 An explanation of the absence of the effect of attitudes is that children already had 
very negative beliefs toward smoking before the start of the program. Previous studies 
show that ideas about smoking are formed early in life, long before children start using 
cigarettes (e.g., Leventhal & Cleary, 1980). Our results are similar to those from other studies 
in which children reported very negative attitudes towards smoking (Hahn, Hall, Rayens, 
Burt, Corley, & Sheffel, 2000; Porcellato, Dugdill, Springett, & Sanderson, 1999; Porcellato, 
Dugdill, & Springett, 2005). We also did not find an effect for self-efficacy. On the short 
term (after 6 months), an effect was found; however, this was in contrast with our 
expectations. Directly after the intervention, self-efficacy was lower in the intervention 
condition than in the control condition (Hiemstra et al., 2013). After 36 months, the level of 
individual self-efficacy was similar in both conditions. An explanation for the non-signifi-
cant results could be that self-efficacy develops through observation (e.g., Bandura, 1992), 
and children of this age may be too young to encounter situations in which they need to 
use smoking refusal skills.
 Some limitations of this study should be acknowledged. First, generalizability to the 
larger population is limited since we used a sample consisting of families who voluntary 
signed up for the study. The findings are mainly generalizable to participants who are 
interested in anti-smoking socialization. Second, children reported about their own 
 smoking-related cognitions, which introduces the possibility of under- or over-reporting 
because of social desirability. To overcome this potential weakness, implicit measures of 
attitudes could be used (de Leeuw, Engels, & Scholte, 2010) and compared with explicit 
attitudes (Sherman, Chassin, Presson, Seo, & Jonathan, 2009). Finally, for practical reasons, 
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the program focused on mothers instead of both parents. Previous research indicates 
differences between fathers and mothers in communication about smoking, suggesting 
that mothers are more positive about anti-smoking socialization than fathers (Engels & 
Willemsen, 2004; Harakeh, Scholte, de Vries, & Engels, 2005). In future research, fathers 
should be taken into account, as they may affect the effectiveness of prevention programs 
in families.
 In conclusion, the only program effect we found was on the perceived smoking 
norms of mothers. Specifically, we found that mothers in the intervention condition were 
less positive towards smoking as compared to those in the control condition. Based on 
these results, we do not expect the Smoke-free Kids program to have a delayed effect on 
smoking behavior later during adolescence.
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GENERAL DISCUSSION
The aim of the present thesis was to improve our understanding of why (pre)adolescents 
start smoking and how to prevent this. This concluding chapter summarizes and briefly 
discusses the main findings of the studies presented in Chapters 2 to 10 (Table 1). 
Subsequently, it elaborates the results from a broader perspective. The final part discusses 
ideas for future research and practical implications for future intervention strategies and 
government regulations.
Reflection of the main findings
Part I Predictors of smoking onset
The first part of this thesis examined different risk and protective factors that can explain 
smoking onset during (pre)adolescence. We focused on different individual factors, such 
as smoking-related cognitions (i.e., refusal self-efficacy, attitudes, and social norms) and 
environmental factors, which include smoking-specific parenting (i.e., frequency and 
quality of communication, and house rules) and environmental smoking (i.e., parental, 
sibling, and friends’ smoking). The following section summarizes the findings and results, 
placing them in a broader perspective.
Smoking-related cognitions
The results from Chapter 2 showed the importance of attitudes and social norms (bivariate) 
on smoking onset during preadolescence. Consistent with previous research based on the 
Theory of Planned Behavior (TPB) and adolescent smoking we expected that attitudes, 
self-efficacy and social norms would relate to smoking (e.g. Guo et al., 2007; Harakeh, 
Scholte, Vermulst, de Vries, & Engels, 2004; Mercken, Candel, van Osch, & de Vries, 2011; 
Otten, Harakeh, Vermulst, van den Eijnden, & Engels, 2007; Petraits, Flay, & Miller, 1995; 
Smith, Bean, Mitchell, Speizer, & Fries, 2007; Topa & Moriano, 2010). In the study conducted 
with preadolescents, studies reported only small associations of attitudes and social 
norms with smoking onset; thus, they did not provide overwhelming support for the TPB. 
An explanation for the small magnitude of the effects of cognitions on smoking onset in 
this sample could be that cognitions start to develop in different stages of smoking. 
Accordingly, with the stage model of smoking (Mayhew, Flay, & Mott, 2000), youth 
smoking attitudes and norms are formed in the preparation stage of smoking (Leventhal 
& Cleary, 1980; Mayhew et al., 2000) while self-efficacy becomes increasingly important as 
children encounter smoking-related situations during adolescence (U.S. Department of 
Health and Human Services, 2012). Self-efficacy develops trough observing smoking 
(Bandura, 1992), which could be the main reason for not finding associations between 
self-efficacy and smoking onset during preadolescence. Children at this age may be too 
young to encounter situations in which they actually need to use smoking refusal skills, as 
smoking at this age is not very common. However, this is likely to change during 
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GENERAL DISCUSSION
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CHAPTER 11
adolescence, when adolescents start experimenting with smoking, and smoking becomes 
more normative (Otten, Engels, & Prinstein, 2009). Consequently, self-efficacy to refuse 
smoking might decrease while the likelihood to start smoking increases. Therefore, in 
Chapters 3 and 4, we looked more in detail at the role of self-efficacy during adolescence. 
Self-efficacy is not a static concept but a concept that changes over time. Specifically, we 
found that decreases in self-efficacy were associated with the development of smoking in 
teenage years, particularly in adolescents who have friends or siblings who smoke. 
 Another explanation for the small association between cognitions and smoking 
onset during preadolescence could be that smoking onset at this age is more unreasoned 
or unplanned behavior. The Model of Unplanned Smoking Initiation of Children and 
Adolescents (MUSICA) (Kremers, Mudde, & de Vries, 2004) postulates that adolescents 
initially try smoking but do not have plans to start smoking in the future. This indicates 
that initial smoking is assumed to take place in an unmotivated state, without concerning 
smoking regularly in the future. The predictability of smoking initiation from smoking-re-
lated cognitions could therefore be limited.
 It could also be that at this age, automatic processes are more important (i.e. implicit 
cognitions), as smoking onset does not develop entirely through controlled processes (i.e., 
explicit cognitions) in which people are aware of causes and consequences of their own 
behavior (Wiers et al., 2007). Implicit cognitions are associations in memory that influence 
cognitive processes and behavior in a relatively automatic way (Greenwald & Banaij, 1995). 
A recent meta-analysis showed that implicit cognitions correlated reliably with substance 
use (Rooke, Hine, & Thorsteinsson, 2008). Some studies indicated that both explicit and 
implicit processes could influence smoking behavior (i.e., dual process model of addiction) 
(Wiers & Stacy, 2006). More specifically, previous studies showed that both explicit and 
implicit attitudes related to smoking behavior of children (O’Conner, Fite, Nowlin & Colder, 
2007), adolescents (Sherman, Chassin, Presson, Seo, & Macy, 2009), and young adults 
(McCarty & Thompson, 2006). Recent studies also criticized the theoretical framework of 
dual process models suggesting that there is not enough evidence for the existence of a 
dual system instead of uni- or multiple system models (Gladwin, Figner, Crone, & Wiers, 
2011; Keren & Schul, 2009). It also could be that implicit process is more likely to be a 
moderating rather than a driving factor of smoking (Huijding, de Jong, Wiers, & Verkooijen, 
2005). 
 Based on this thesis, we conclude that explicit cognitions are not strongly associated 
with smoking onset during preadolescence. It could be that other processes are involved; 
therefore, more research should focus on preadolescence.
Smoking-specific parenting
Previous studies on adolescence found support for the idea that parenting factors affect 
smoking-specific cognitions (i.e., Harakeh et al., 2004; Otten et al., 2007). To our knowledge, 
no studies examined the effectiveness of parental factors and cognitions on smoking 
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behavior during preadolescence. This part focuses on the effects of smoking-specific 
parenting on smoking-related cognitions and onset during (pre)adolescence.
 Frequency of smoking-specific communication. The findings presented in Chapter 2 
showed that more frequent discussion of smoking-specific topics was associated with 
lower pro-smoking attitudes and pro-smoking norms of mother and friends. These results 
are in line with previous research on adolescents (Huver, Engels, & de Vries, 2006, Huver, 
Engels, Vermulst, & de Vries, 2007; Otten et al., 2007). Nevertheless, frequency of 
communication was positively associated with smoking during preadolescence and 
smoking onset during adolescence (Chapter 2 and 4). Parents who often talked with their 
children about smoking were more likely to have children who engage in smoking. 
Chapter 6 however, showed no association between frequency of communication and 
smoking. These mixed findings are consistent with previous research. Some studies found 
support for a positive association between frequency of communication and adolescent 
smoking (e.g., de Leeuw, Scholte, Harakeh, van Leeuwe, & Engels, 2008, de Leeuw, Scholte, 
Vermulst, & Engels, 2010; Ringlever, Otten, de Leeuw, & Engels, 2011) while others showed 
no association (e.g., den Exter Blokland, Hale III, Meeus, & Engels, 2006; Engels, Finkenauer, 
Kerr, & Stattin, 2005; Huver et al., 2007; Jackson, Henriksen, Dickinson, Messer, & Robertson, 
1998). The contradictory findings regarding the frequency of communication suggest that 
there is an optimal level of talking about smoking-related issues after which children may 
start to become curious about smoking; thus the effects become counter-effective. 
Moreover, it is important to consider who takes the initiative to discuss smoking-related 
issues, children or parents. Children’s perceptions of smoking-specific communication 
differ from the perceptions of their parents (de Leeuw et al., 2010; Harakeh, Scholte, de 
Vries, & Engels, 2005; Mahabee-Gittens, Ding, Gordon, & Huang, 2010). When the child 
initiates talking about smoking, this could suggest that the child is interested in the ideas 
and opinions of his/her parents about smoking. In this case, parents should discuss 
smoking related topics with their children. This idea could be supported by our finding 
that the frequency of communication reported by the child helps children to form ideas 
and norms about smoking, while the frequency of communication reported by the 
mother has an association with higher likelihood of smoking onset. No association was 
found between frequency of communication reported by the child and smoking onset 
(Chapter 2). Another explanation for the positive association between the frequency of 
communication and smoking could be that parents react on the behavior they observe in 
their children. Parents are likely to start talking about smoking more often if they find out 
that their child tried to smoke (e.g., de Leeuw et al., 2010). It could be that the discussion 
about smoking is a reactive rather than a proactive response. In summary, the frequent 
discussion of smoking-related topics may have a beneficial effect on the development of 
smoking-related cognitions in the preparation stages of smoking. However, during 
adolescence, it may become counter effective: children might become curious and even 
start experimenting with smoking. Since Chapter 2 utilized cross-sectional data. More 
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longitudinal studies should be conducted during preadolescence, to provide insights into 
the development of frequency of communication during (pre) adolescence.
 Quality of smoking-specific communication. The findings in Chapter 2 showed that 
constructive and respectful communication about smoking was associated with smok-
ing-related cognitions (i.e., lower pro-smoking attitudes, higher self-efficacy, and higher 
pro-social norms of friends, with the latter being associated with quality of communication 
reported by mother) in preadolescence. The findings indicate lower pro-smoking attitudes 
and higher self-efficacy which are similar to findings from studies on adolescents (Otten 
et al., 2007). The results of social norms of friends were opposite to what was expected. No 
association was found between quality of communication and smoking onset during 
preadolescence (Chapter 2). Mixed results were found for adolescence. Chapter 4 did not 
show a relation between quality of communication and smoking onset while Chapter 6 
did find an association between quality of communication and smoking onset. Previous 
studies also showed mixed results. Some studies did not find an association between 
quality of communication and adolescent smoking (Chassin et al., 2005; Huver et al., 2007; 
Engels et al., 2005; Den Exter Blokland et al., 2006) while other studies found a preventive 
relation between high quality of communication and odds of smoking (de Leeuw et al., 
2008; de Leeuw et al., 2010; Huver et al., 2006; Ringlever et al., 2011). An explanation for the 
lack of association during preadolescence could be that parents do not yet talk about 
smoking in a more conversational manner at this age. Specifically, the content of 
conversations about smoking may for instance be limited to warning their children about 
the detrimental health effects of smoking instead of discussing strategies for resisting 
smoking. Nevertheless, quality of communication shows a positive relation with the ideas 
and norms that children have about smoking, which seems to indicate that the quality of 
communication is high enough to contribute to the development of thoughts about 
smoking during preadolescence. During adolescence, the content of communication 
about smoking must be adapted to the developmental stage to actually affect the 
smoking behavior of the child. One way to obtain more information about the role of 
parent and child communication about smoking is by means of observational studies 
(Wakschlag, Metzger, Darfler, Ho, Mermelstein, & Rathouz, 2011). Family discussions should 
be observed to obtain more information about how and what parents say about smoking 
to their children as well as about who (i.e., child or parent) takes the initiative to discuss 
smoking-related issues. Additionally the differences in the development of these 
constructs during preadolescents and adolescents could be examined.
 Smoking-specific house rules. No associations among smoking-specific house rules, 
smoking-related cognitions, and smoking onset were examined during preadolescence. 
Previous adolescent research has shown relations between the effects of house rules on 
different smoking-related cognitions (Huver et al., 2006). No effects of smoking-specific rules 
on smoking onset were found during adolescence (Chapter 6). This is in contrast with 
findings from a recent review study on smoking house rules in which positive associations 
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between home smoking restrictions and youth smoking were found (Emory, Saquib, Gilpin 
& Pierce, 2010). More specifically, studies focusing on smoking in the early stages showed an 
association between smoking restrictions and less youth smoking. Yet, most studies in this 
review used cross-sectional data. Only two longitudinal studies that showed the positive 
effects of smoking restrictions were included in this review (Albers, Biener, Sigel, Cheng & 
Rigotti, 2008; Klein, Forster, Erickson, Lytle, & Schillo, 2009). More recent longitudinal studies 
on the relation between smoking house rules and smoking showed mixed findings. Some 
studies indicated positive relations between smoking restrictions and smoking (i.e., Bernat, 
Erickson, Widome, Perry, & Forster, 2008; Huver et al., 2006; Huver et al., 2007; Juon, Ensminger, 
& Dobson Sydnor 2002; Pennaren, Vartiainen, & Haukkala, 2012) while other studies showed 
no associations between house rules and smoking onset (i.e., Den Exter Blokland et al., 2006; 
de Leeuw et al., 2010; Engels et al., 2005). A reason for these mixed findings could be due to 
the differences between partial smoking restrictions (i.e., smoking is only allowed in certain 
areas of the house or on special occasions or rules do not apply to everyone) and complete 
smoking restrictions (i.e., smoking is not allowed by anyone and everywhere). Emory et al. 
(2010) showed that complete smoking restrictions are more effective in decreasing smoking 
are than partial smoking restrictions. This could explain our findings based on partial 
house-rules (i.e., children are banned from smoking whereas adults are allowed to smoke). 
Overall, previous literature showed that the results of smoking house rules are promising 
when implementing complete smoking restrictions (Emory et al., 2010).
 In summary, the results of antismoking socialization revealed that parents do have a 
positive effect on their children’s cognitions by communication about smoking during 
preadolescence. Contrary effects were found for the frequency of communication on 
smoking onset during preadolescence and adolescence. Talking in a respectful and 
constructive manner had no effect or positive effects during adolescence. These findings 
may have emerged because children are treated in an autonomy-supporting way by 
communicating in a respectful and constructive manner about smoking while talking 
frequently about smoking may undermine children’s autonomy, which is consistent with 
the Self-Determination Theory (Deci & Ryan, 1985, 2000). Discussing smoking with children 
in a respectful and constructive way may help children think about smoking and their 
actions. This should ensure that a child would make a suitable choice, namely to stay a 
non-smoker. For frequency of communication, parents frequently try to make their 
children do what they wish them to do, without giving them the opportunity to make 
decisions for themselves (i.e., controlling). Parents could set house rules in an autonomy-
supporting way, but also in a controlling way. Different use of smoking house rules could 
be based on the interaction (i.e., relatedness) between the parents and children when 
setting smoking house rules. Parents could set rules by discussing this first with their 
children or setting rules without involving their children in this decision. Not involving 
children by setting rules could be a reason why we did not find the effects of house rules 
while other studies did (Emory et al., 2010).
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Environmental Tobacco Use
Consistent with the Social Learning Theory, children learn by observing and modeling the 
behavior of their social environment (Bandura, 1977, 1986). Therefore, we examined the 
effects of parental and peers’ smoking (i.e., sibling and friends’ smoking) on smoking 
onset during (pre)adolescence. We found that, during preadolescence, parental smoking 
was directly associated with smoking onset. Moreover, parental smoking was also 
associated with children’s pro-smoking attitudes and pro-smoking norms of mothers, 
friends, and best friends (Chapter 2). These results are in line with previous studies on 
cognitions (de Leeuw et al., 2010; Harakeh et al., 2004; Otten et al., 2007; Schuck, Otten, 
Engels, & Kleinjan, 2012b) and smoking behavior (Leonardi-Bee, Jere, & Britton, 2010) 
during childhood and adolescence. More specifically, de Leeuw and colleagues (2010) 
showed that children of smoking parents had more positive smoking attitudes compared 
to children of non-smoking parents. Furthermore, Schuck and colleagues (2012b) recently 
found that parental smoking is associated with more favorable smoking-related cognitions 
of preadolescents and that this may be an indicator of children’s susceptibility to smoking. 
Overall, parental smoking plays a role in the formation of children’s ideas about smoking 
since a very young age. We found that parental smoking was related to smoking onset 
during early adolescence (Chapter 6); however we found no relation during middle-to-late 
adolescence (Chapter 3-6). Nevertheless, when we compared these results with other 
studies based on the same dataset, we found mixed effects of parental smoking on 
smoking behavior of adolescents. One study reported positive associations (de Leeuw et 
al., 2008) while other studies did not find an association with smoking (de Leeuw et al., 
2010; Harakeh, Scholte, Vermulst, & Engels, 2010; Ringlever et al., 2011). Therefore, our 
results should be interpreted carefully. The differences in findings could have emerged 
because studies defined smoking in different ways, with some studies assessing whether 
adolescents tried smoking and other studies investigated smoking initiation in 
never-smoking adolescents. An additional explanation could be that parental smoking 
was added to the analyses along with other factors (i.e., multivariate analyses). It could be 
that other factors (such as, self-efficacy, friends and/or sibling smoking behavior) 
attenuated the effect of parental smoking, because different correlation tables (de Leeuw 
et al., 2008; 2010) do show positive correlations between parental smoking and adolescent 
smoking.
 For peer smoking, we found that friends’ smoking was related to smoking during 
early adolescence (Chapter 6) and sibling and friends’ smoking during middle to late 
adolescence (Chapter 3, 4, & 6). This is in line with previous studies on the same dataset (de 
Leeuw et al., 2008; 2010) and with earlier literature that emphasizes the profound role of 
sibling (Leonardi-Bee et al., 2011) and peer smoking (e.g., Avenoli & Merikangas, 2003; 
Hoffman, Sussman, Unger, & Valente, 2006; Kobus, 2003; Simons-Morton & Farhat, 2010) in 
adolescent smoking. During preadolescence, we did not examine the role of peer smoking 
on preadolescent smoking onset. However, previous research showed that peer smoking 
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behavior can be associated with smoking cognitions during preadolescence (e.g., Flay et 
al., 1994; Schuck et al., 2012b) and smoking onset (e.g., Milton et al., 2004; O’Loughlin, 
Paradis, Renaud, & Sanchez Gomez, 1998). Therefore, it is appropriate not to underestimate 
the influence of peer smoking during preadolescence. Peer smoking may be just as 
essential during preadolescence as parental smoking. However, more research on peer 
smoking during preadolescence is needed.
 In summary, the results of studies presented in this thesis that focused on 
environmental smoking showed that parental smoking might affect children’s cognitions 
during adolescence and smoking onset during preadolescence. During early adolescence, 
the role of both parents and peers is important while peer smoking may be a more 
important determinant of smoking onset compared to parental smoking during middle-to 
late adolescence. The extent to which parents or peers play a role in smoking onset 
depends on the specific developmental phase (preadolescence or adolescence). Some 
studies showed that parents and peers exert similar influence (Bricker et al., 2006; Bricker, 
Peterson, Sarason, Andersen, & Rajan, 2007; de Vries, Engels, Kremers, Wetzels, & Mudde, 
2003; Engels, Vitaro, den Exter Blokland,  de Kemp, & Scholte, 2004) while other studies 
found that parents exert more influence on smoking initiation (Vitaro, Wanner, Brendgen, 
Gosselin, & Gendreau, 2004). Still other studies showed that mainly peers influence 
smoking initiation (Bauman, Carver & Gleiter, 2001; de Leeuw et al., 2010; Mercken, Snijders, 
Steglich, & de Vries, 2009). An explanation could be that environmental smoking has a 
dose-response relation to smoking, which means that the greater number of smoking 
people in your environment, the more influence they have on children’s cognitions and 
smoking behavior. Schuck and colleagues (2012a) showed that the number of smokers 
was associated with pros of smoking. Besides this, it could be that children at different 
ages during childhood and adolescence may become more (or less) susceptible to the 
social environment (Bricker et al., 2006). When many people smoke in the child’s 
environment, young children could learn that smoking is a normative behavior. Therefore, 
it is needed for the child that parents stop smoking or do not smoke in his/her presence 
and keep him/her child away from smoking situation. The strongest effects are found 
when parents stop smoking at an early age of their child (Bricker et al., 2003; den Exter 
Blokland, Engels, Hale III, Meeus, & Willemsen, 2004; Otten et al., 2007). 
Part II Gene-environment interactions
The second part of this dissertation focused on the role of gene-environment interactions 
in adolescent smoking behavior. Specifically, we tested whether the effects of 
environmental factors on smoking onset were different for carriers and non-carriers of 
specific genes of the dopaminergic system (i.e., dopaminergic receptors DRD2, DRD4 and 
transporter DAT1). Chapter 5 tested the interplay among environmental smoking (i.e., 
parental, sibling, and (best) friend(s) smoking) and genes from the dopaminergic system 
on smoking onset using longitudinal designs. Subsequent, Chapter 6 examined the 
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interplay between smoking-specific parenting (i.e., frequency of communication, quality 
of communication, and house rules) and the same genes. In both studies, no interaction 
effects were found. These findings indicate that the effects of environmental smoking and 
smoking-specific parenting are similar for carriers and non-carriers of specific genes of the 
dopaminergic system.
 The studies on gene-environment interactions in this dissertation are the first to 
concentrate on the interplay among environmental smoking, parenting, and genes of the 
dopaminergic system with respect to smoking. Therefore, we compared the results with 
GxE interactions studies that focused on alcohol use. Mixed effects were found for the 
effects of genes of the dopaminergic system and environmental factors on alcohol use. In 
an experimental study, Larsen and colleagues (2010) found that young adults who were 
exposed to a heavy drinking peer were more susceptible to alcohol use and drank more, 
especially when carrying the DRD4 long allele. On the other hand, van der Zwaluw and 
colleagues (2011) tested whether carriers of the DRD4 long allele were more susceptible to 
the effects of peer drinking. However, they did not find an interaction between best 
friends’ alcohol use and the DRD4 genotype on adolescent alcohol use (Van der Zwaluw 
et al., 2011). Whereas Larsen and colleagues use an experimental design and focused on 
young adults, van der Zwaluw used a prospective correlational design with middle 
adolescents, which might explain the different findings. For parenting, a previous study 
found an interaction effect between the DRD2 and rules on alcohol use was found in two 
independent samples (longitudinal: Van der Zwaluw et al., 2010; cross-sectional: Pieters et 
al., 2012) while we did not find any effect when it comes to smoking. An explanation for 
the dissimilar findings regarding adolescent alcohol use and smoking may be due to the 
differential role of parents and peers in smoking and drinking. The first experience with 
smoking cigarettes usually occurs with peers (Hahn et al., 1990), whereas the first 
experience with drinking alcohol usually takes place with parents (Vet & van den Eijnden, 
2007). Moreover, the use of alcohol is more embedded in the society than is smoking. In 
addition, smoking can be tried secretly without parents knowing it. For alcohol, this is 
more difficult because drunkenness is not easily disguised. Another explanation is that we 
looked at the initiation of smoking while other studies on alcohol focused mainly on 
weekly alcohol use. Behavioral genetic studies with twin designs have shown that shared 
environmental factors play a main role in smoking initiation, whereas the influence of 
genetic factors increased in smoking persistence (Koopmans, Slutske, Heath, Neale, & 
Boomsma, 1999; Li, Cheng, Ma, & Swan, 2003; White, Hopper, Wearing, & Hill, 2003). It could 
be that genes from the dopaminergic system are expressed more profoundly in other 
stages of smoking, such as smoking persistence and smoking cessation, differently (e.g., 
Laucht et al., 2008). Using incentive salience theory, Berridge and Robinson (1998, 2003) 
distinguished between the feelings of pleasure of smoking (‘liking’) and the more 
obsessive craving processes (‘wanting’). The neural substrates of the ‘liking’ of smoking 
seem to be located mainly in opioid neurotransmission, whereas “wanting” is associated 
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with dopaminergic neurotransmissions (Berridge 2003; Berridge & Robinson 2003). 
Wanting is supposed to be the result of changed (sensitized) brain systems following 
smoking (Robinson & Berridge 1993, 2003). To experience dopamine-related craving of 
nicotine (‘wanting’), one should have smoked a sufficient number of cigarettes for some 
time, which might make major dopaminergic involvement in smoking onset less likely. 
Alternatively, the “liking” of smoking has been suggested to become less important during 
the transitions from smoking onset to regular smoking behavior. This would suggest that 
opioid-related pleasure effects of smoking are more important for the onset of smoking 
(Berridge, 2003) and that a closer look at the interplay between genes of the opioid system 
and environmental smoking would yield new GxE interactions that predict smoking 
initiation. More research on genes of this system (e.g., OPRM1) and other systems, such as 
the serotonin system (e.g., 5-HTTLPR) (Gerra et al., 2005) is needed. Based on our studies, 
we can conclude that the environment is more relevant than genetic factors when looking 
at smoking onset during adolescence and that environmental factors, that we included in 
our studies, affect carriers and non-carriers of genotypes of the dopaminergic system 
equally.
Part III Prevention of smoking onset
The final part of this thesis focused on the effectiveness of the Smoke-free Kids prevention 
program in the Netherlands. Smoke-free kids is a home-based smoking intervention 
program for elementary school-aged children developed in the U.S. (Jackson & Dickinson, 
2003; 2006). The program aims to assist parents in preventing their children from smoking 
by using anti-smoking socialization skills. The program consists of five printed activity 
modules and focuses on increasing parental skills and parents´  comfort communicating 
with their children about smoking, addiction and expectations regarding abstinence. For 
the mothers, all activity modules included a communication sheet, which provided 
additional background information and communication tips. One year after baseline the 
participating families received a booster module. The present thesis examined the 
short-term (i.e., 6 months) and long-term (i.e., 36 months) program effects.
Program results
 Short-term effects. In Chapter 8, we showed that the program affected several smoking- 
related cognitions and smoking-specific parenting practices measured six months after 
baseline. Specially, directly after finishing the program, the children in the intervention 
condition showed lower social norms of friends, best friends, and mothers (marginally), 
and lower self-efficacy skills compared to the control condition. The effect of the program 
on self-efficacy was in contrast with what we expected. For attitudes, no program effects 
were found. These results are in line with other elementary school-based substance use 
prevention programs. In their review, Hopfer et al. (2010) showed mixed results on alcohol, 
tobacco and drugs-related cognitions. They found a decrease in attitudes and increase in 
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knowledge and refusal skills, but iatrogenic effects were found for norms (Hopfer et al., 
2010). Recently, de Leeuw et al. (under review) also pilot tested two elementary schools 
programs in the Netherlands focusing on smoking-related cognitions and also found 
iatrogenic effects on attitudes and social norms of friends. An explanation for these 
iatrogenic effects could be that children get curious and try smoking after discussing 
smoking with their parents.
 For anti-smoking socialization, children from families in the program were more likely 
to report more frequent discussions about smoking, more non-smoking agreements with 
their parents, and greater conviction that their mother could prevent them from smoking 
(i.e., perceived maternal influence) as compared to children in the control condition. Their 
active involvement in discussions on smoking matters was also reflected in the high 
participation rate, as 82% reported that they had read and completed at least 3 of 5 activity 
modules. The effects on anti-smoking socialization practices are comparable with the 
short-term effects of the U.S. trial for smoking parents (Jackson & Dickinson, 2003). No 
program effects were found on quality of communication, smoking-specific house rules, 
availability of cigarettes at home, or anticipated maternal reactions. A possible explanation 
for the lack of effects could be related to the young age of the children. At this age, 
mothers and children may not yet talk about smoking in a conversational manner, as we 
assumed (i.e., quality of communication). The content of a conversation may be limited to 
warning children about the harmful health effects of smoking instead of discussing 
strategies to resist smoking. Furthermore, the young age could also be the reason for not 
finding the effects of smoking-specific house rules and availability of cigarettes at home. 
Mothers are generally highly intolerant of their children’s smoking at this age. 
 We did not find differences in program effects on anti-smoking socialization of 
smoking and non-smoking parents. Previous research showed that anti-smoking 
socialization practices might be affected by parental smoking status (Den Exter-Blokland 
et al., 2006; Engels et al., 2004; Harakeh et al., 2005; Jackson & Henriksen, 1997; Ringlever et 
al., 2011). An explanation for the lack of differences between smoking and non-smoking 
parents could be that motivation to talk about smoking was not limited to non-smoking 
parents. This was supported by the fact that we used active informed consent. Only 
parents who were motivated to particapte in the program agreed to participate. Moreover, 
the study also showed high retention rates (i.e., 95.1% after 6 months), supporting the idea 
that participating families were highly motivated.
 Long-term effects. No significant program effects were found for smoking initiation 
after 36 months. We found that in the intervention condition 10.8% of the children tried 
smoking compared to 12% in the control condition (OR = .90, 95% CI = .63 – 1.27, p = .54) 
(Chapter 9). These results are in sharp contrast with the original Smoke-free Kids trial for 
smoking parents in the U.S. (Jackson & Dickinson, 2006), in which smoking parents had 
significant effect on smoking initiation. They found that 12% of children in the intervention 
condition tried smoking compared to 19% in the control condition (OR = 2.16, 95% CI = 
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1.39-3.37, p < .001) (Jackson & Dickinson, 2006). However, the results are comparable with 
the later trial of Jackson and Dickinson on non-smoking parents in which no effects were 
found (Jackson & Dickinson, 2011). We also tested whether the program had an effect on 
subgroups like smoking behavior of parents, socio-economic status, and asthmatic 
symptoms. The analysis yielded no significant moderating effects.
 A possible explanation for the non-significant effects could be that the program has 
a delayed effect. The potential effect of the program only appears after a prolonged time. 
Crone, Spruijt, Dijkstra, Willemsen, and Paulussen (2011) tested a smoking prevention 
program during elementary school. This program showed significant effects during 
secondary school and only limited effects at the end of elementary school. The Smoke-free 
Kids program evaluation showed a difference of 1.2% between the two conditions at 36 
months follow-up. This difference is likely to increase when more children start smoking 
later during secondary school. It could be that children in the intervention program are 
able utilize the scales learned in the Smoke-free kids program during secondary school; 
thus they would be less likely to start smoking compared with the children in the control 
condition. To obtain first indications of such delayed effect, we examined whether the 
intervention program has an effect on various precursors of smoking (Chapter 10). We 
tested whether the program affected the development of smoking-related cognitions. 
The results revealed only a small effect on the development of the norms of mother 
regarding smoking. Children in the intervention condition believed that their mother 
would be less likely to approve of their smoking behavior. No program effects were found 
on the development of attitudes, self-efficacy, and social norms of friends and best friend. 
Based on these results, we do not assume that the Smoke-free Kids program will have a 
delayed effect on smoking behavior later during secondary school.
 Another explanation for the absence of the effects on smoking initiation could be 
that prevention of smoking initiation targets very young children in elementary school. 
The Smoke-free Kids program focused on 9-11 years old children. However, most children 
at this age are not yet involved in smoking and are less likely to encounter situations in 
which peers smoke. Therefore, prevention may be too far removed from the actual 
moment of smoking onset, which occurs mostly halfway through secondary school (i.e., 
age 14-16). If we compared our results to recent findings of elementary school programs, 
similar effects occur. Smoking prevention at elementary schools does not have an effect 
on the smoking behavior of adolescents (review: Elek, Wagstaff, & Hecht, 2010; Hopfer et 
al., 2010; Marsiglia, Kulis, Yabiku, Niere, & Coleman, 2011; O’Neill, Clark, & Jones, 2011; Wang 
et al., 2011). Hopfer et al. (2010) found that substance use programs had no effect on the 
prevention of initiation of alcohol, tobacco, and other drugs during elementary school. 
However, initiation of substance use was reported only in 4 out of the 24 studies and no 
distinction between different substance uses was made. Some recent studies also found 
no effects on smoking initiation (Crone et al., 2011; Marsiglia et al., 2011; Wang et al., 2011) 
while other studies report negative (Elek et al., 2010), or positive effects (O’Neill et al., 2011). 
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Two of these studies also tested the effects during middle school (Elek et al., 2010; Marsiglia 
et al., 2011). Marsiglia et al. (2011) found that implementation during middle school was 
effective, but not when combined with an intervention conducted at elementary school. 
Elek et al. (2010) showed that implementation of the program in both elementary and 
middle school has advantage above receiving the program in only elementary or middle 
school. Future studies should focus on programs closer to the age of smoking onset and 
focus on 11 to 13 years old children, when the majority of children are still non-smokers.
Overall evaluation of Smoke-free Kids
The present thesis showed some small short-term effects of a home-based smoking 
prevention program on smoking-related cognitions and anti-smoking socialization. No 
long-term effects on smoking initiation were found. Moreover, the effects do not seem to 
be delayed because of the limited effects on smoking-related cognitions that are assumed 
to precede the actual behavior. An explanation could be that the effects on cognitions 
were small and were not long lasting enough. Children learn some skills during elementary 
age (e.g., refusal self-efficacy), which they need to use during secondary school. Children 
seem to forget how to use the skills they leaned if they do not repeat them. Therefore, the 
Smoke-free Kids included a booster module one year after the intervention to repeat the 
skills they learned in the program. Previous research showed that a booster could be an 
effective tool for maintaining or increasing the effectiveness of smoking prevention 
programs (e.g., Dijkstra, Mesters, de Vries, van Breukelen, & Parcel, 1999). However, the 
design of the study did not allow for testing separate effects of this booster. Future studies 
should test the effect of a booster to get more insight into the effects of a repetition in a 
program. Therefore, three conditions should be used, an intervention condition, an 
intervention + booster condition, and a control condition. 
 Another explanation for the non-significant effects is that we used a volunteer 
sample. Parents who enrolled in the program were motivated to prevent their children 
from smoking. Motivation of parents was also necessary because of the active participation 
in reading and talking about the program with their child. Our study showed that most of 
the parents did not smoke (64.6%) and had middle to high socio-economic status (SES). 
Previous research showed that children of smoking parents are more likely to start 
smoking compared to children of non-smoking parents (Leonardi-Bee et al., 2010) and 
that low SES adolescents are more likely to smoke than compared to SES adolescents 
(Hanson & Chen, 2007). It could be that a universal program, such as Smoke-free Kids, is 
not effective because children who are most at risk are usually not enrolled in the study. In 
future studies it is essential to focus on risk groups (i.e., low SES, smoking parents). To reach 
lower SES children, it would be essential to focus on prevention programs at schools. At 
schools, prevention efforts could focus on all children of different SES. Besides this, 
programs at schools can also focus on children’s self-efficacy skills, which are mostly 
needed in the presence of their peers. Furthermore, the involvement of parents was 
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minimal in the Smoke-free Kids program. Parents and children go through the magazines 
by themselves without any support. It could be that parents only talked about smoking 
according to the magazines and did not discuss smoking beyond the program. A recent 
Cochrane review showed that the adherence to the family-based program related to the 
positive outcomes (Thomas, Baker, & Lorenzetti, 2007). Minimal intensity programs could 
not be strong enough to obtain behaviour change. Parents could be more involved when 
a home-based program is combined with a school program. Schools could help parents 
talk with their children about smoking and help parents to integrate smoking prevention 
in their parenting strategy.
 Other methodological explanations could be that we adapted the U.S. program for the 
Dutch situation. Some aspects of the content were changed or omitted because they did 
not have the same cultural relevance in the Netherlands. Theoretically, this could have led 
to the removal of some of the effective components of the program. We do not consider 
this very likely. From the U.S. program, we did not have concrete empirical evidence on the 
exact working mechanisms of the Smoke-free Kids program. Therefore, it is necessary to 
study the mechanisms of effective prevention programs carefully. This could be done by 
testing the mediating factors, as Koning, van den Eijnden, and Engels (2011) did as a part 
of their effective school-based universal prevention program on alcohol use in high 
school students (PAS). Besides this, it is needed to perform a process analysis to get more 
insight on the implemented intervention. A process evaluation provides information 
about the way in which an intervention was implemented and received and studies the 
strengths and weaknesses of an intervention (Oakley, Strange, Bonell, Allen, & Stephenson, 
2006).
 Furthermore, the Smoke-free Kids program is based on anti-smoking socialization 
practices of which not all aspects have been shown to be consistently effective in the 
prevention of smoking. This also could have limited the effectiveness of the program. 
From previous studies, we know that higher quality of communication, house rules, and 
less availability prevent children from smoking. For frequency of communication (e.g., 
Chassin, Presson, Todd, Rose, & Sherman, 1998; den Exter Blokland et al., 2006), non-smoking 
agreement (de Leeuw et al., 2010; Huver et al., 2007), perceived parental influence (e.g., 
den Exter Blokland et al., 2006; Harakeh et al., 2005), and perceived parental reaction (de 
Leeuw, Scholte, Vermulst & Engels, 2013) mixed evidence were found (e.g., Chassin et al., 
2005; den Exter Blokland et al., 2006). Future research should give more insight into 
different parenting strategies to get a better understanding of a possible working 
mechanism behind prevention programs on smoking. Therefore, longitudinal designs 
should be used.
 A placebo effect could also explain the non-significant program effects. We used an 
active control condition. In our study, mothers and children in the control condition 
received a fact-sheet. Implementation rates showed that mothers and children in the 
control condition also read and discussed a lot of information presented in the fact sheets 
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(74% of the participants in the control condition versus 81% intervention condition), 
resulting in less room for improvement in the intervention group.
 Further, low smoking rates in general could have influenced the program effects. 
One reason for the low smoking rates could be the recent national decline in youth 
smoking. National data showed that in 2008, 17% of 12-year-olds, 27% of 13-year-olds, and 
41% of 14-year-olds tried smoking (Stivoro, 2008). In 2012, this rate dropped to 11% for 
12-year-olds, 14% for 13-year-olds, and 35% for 14-year-olds (Stivoro, 2012). Additionally, a 
measurement effect could have accounted for the low smoking rates during the study, 
implying that answering questions about attitudes, intentions, and smoking regularly 
leads to self-monitoring and subsequent behavioral regulation.
Quality of intervention studies
In 2007, based on a Cochrane review, Thomas and colleagues examined the effectiveness 
of different family programs aimed at the prevention of smoking behavior in children and 
adolescents. They were unable to draw firm conclusions because of various quality levels 
of the executed randomized controlled trials (RCT’s). Specifically, they showed that only six 
out of the 22 studies were categorized in the minimal risk of bias category (category 1). 
The U.S. Smoke-free Kids study (Jackson & Dickinson, 2003; 2006) was classified in category 
2 (one or more risks of bias) because power calculations were not presented and no 
process analysis was performed. The quality of RCT studies is very important to find 
reliable results and to replicate them. To improve the quality of RCT studies, the CONSORT-
statement was introduced in 1996 to enable readers to understand a trial’s design, conduct 
appropriate analysis, interpret the results, and assess the validity of the results, which can 
only be achieved through complete transparency from authors (Moher et al., 2010). 
Meta-analysis in medical sciences showed that the use of the CONSORT statement has 
improved the quality of reporting RCT’s (Plint et al., 2006; Turner et al., 2012). The use of 
rigorous RCT designs and reports in social sciences is still in its infancy, according to 
CONSORT. To improve the quality of reported studies, new research should report the 
results that conform to the CONSORT-statement or related guidelines.
 To improve the quality and to give more transparency in the process of RCT’s, it is 
essential that trials are pre-registered (Laine et al., 2007). Clinical trials can be recorded in 
different registers (for example, www.trialregister.nl or clinicaltrials.gov) and may report 
information about the trial before the first participant is recruited. Advantages of trials’ 
registration include less publication biases (i.e., likelihood of publication is influenced by the 
direction of strengths of the results) and selective reporting (i.e., incomplete reporting of trial 
outcomes associated with statistical significance) of RCT’s (Viergever & Ghersi, 2011). Also for 
more transparency, authors often write a protocol to provide more information about the 
design, methodology and statistical considerations of the trail, as we did in Chapter 7.
 Another factor that may affect the quality of RCT’s is the involvement of the developers in 
the execution of the program. When developers are involved in trials, the effect sizes are 
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considerably larger than when independent researchers conduct a similar study (Eisner, 
2009). For example, a meta-analysis on the parenting program Triple P (Wilson et al., 2012) 
revealed that only one out of the 33 studies reported no apparent conflict of interest of 
the developers. Two excluded studies performed with independent researches that did 
not meet the inclusion criteria of the review showed weaker program effects. Besides this, 
none of the studies was registered in a trial register. None of them reported pre-specified 
outcome measures. Additionally, no power calculations on specific outcome measure 
were reported. This meta-analysis is only an example and illustrate several issues that 
should be tackled in the prevention research field (Holder, 2010). In summary, to replicate 
previously found RCT effects, it is pivotal to retain high quality of the RCT and report the 
results in a clear and transparent manner.
Limitations and recommendations for future research
Even though a number of studies have been conducted on smoking onset, numerous 
questions remain unanswered. Along with the limitations of our research, we address 
some of these questions by proposing some ideas for future studies that might help to 
provide more insight into smoking onset and the prevention of smoking onset.
 Longitudinal preadolescent research. Most studies used in this thesis were based on 
analyses on longitudinal data, which is an appropriate way to detect changes in risk factors 
that may lead to smoking onset during adolescence. However, the study on preadolescents 
was based on cross-sectional data (Chapter 2). In future studies, longitudinal research is 
necessary to examine the effects of different individual and environmental factors on 
smoking onset during preadolescence. Côté, Godin, and Gagné (2004) showed that 
particularly children who transfer from primary to secondary school (children at age 12 in 
the Netherlands) are vulnerable to factors leading to smoking. Therefore, a cohort study 
should be conducted to follow children over time from preadolescence (age 9-10) until 
middle adolescence (age 15-16). Such a study would offer insights into the potentially 
changing effects of different individual and environmental factors on smoking onset, such 
as the smoking behavior of peers and smoking-specific parenting practices.
 GxE interactions. The present thesis showed insights into the (limited) influence of 
some of the dopaminergic genes and GxE interactions on smoking onset using 
longitudinal designs (that consider developmental perspective). It is still important to 
replicate these results to gain more information about the robustness of the findings. 
Furthermore, the present thesis focused on smoking onset and did not examine more 
advanced stages of smoking (i.e., smoking persistence, smoking cessation). Therefore, 
more research is needed on the effects of dopamine genes and GxE interactions on more 
advanced stages of smoking. Besides this, it is important to have large sample sizes, to test 
interactions (i.e. gene-gene interactions) that are more complex. Previous research 
showed that interaction effects between the DAT1 and DRD2/DRD4 genotypes on 
smoking could be expected (Lerman et al., 1999). Besides this, genes that are involved in 
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other systems could influence smoking behavior, such as the opioid system (e.g., OPRM1) 
(Verhagen, Kleinjan, & Engels, 2012), the serotonin system (e.g., 5-HTTLPR), or other genes 
detected in genome-wide association studies (GWAS) (Vink et al., 2009).
 Prevention. The present thesis did not show that the Smoke-free Kids program 
prevented smoking initiation. Different aspects are important in smoking prevention 
among wich the timing of prevention, the content of a prevention program, and the 
setting. Previous research showed that secondary school aged programs showed short 
term-effects but no long-term effects (Flay, 2009; Thomas & Perera, 2006). An explanation 
could be that prevention was often too late and should take place earlier. Many children 
tried smoking before secondary school. However, based on our study, one might conclude 
that prevention in primary school is conducted too early. Therefore, programs closer to 
the age of smoking onset should be tested and consider the transfer between primary 
and secondary school. Other studies showed effects of programs implemented during 
middle school (e.g., Elek et al., 2010; Marsiglia et al., 2011). Therefore, prevention among 
11-13 years old children who are still non-smokers should be tested (Stivoro, 2012). In the 
Netherlands, this would be in the last year of elementary school and first grade of 
secondary school. Besides, different prevention strategies could apply to children of 
different ages. During preadolescence, it is necessary to focus on parents as they can still 
affect children’s attitudes and social norms. During adolescence, it is important that 
children practice their self-efficacy skills to prepare for smoking-related situations with 
peers. Smoking prevention programs tailored to the age and level of experience with 
smoking of the child should be tested (Buller et al., 2008).
 The Smoke-free Kids program focused mainly on smoking-specific parenting practices. 
More longitudinal research on the effectiveness of these parenting practices (i.e., quality 
of communication, non-smoking agreement, and parental influence) on smoking onset is 
necessary to obtain more information on possible working mechanisms of parenting 
strategies. Furthermore, parenting is only one way to prevent children from smoking. 
Prevention programs should emphasize other significant predictors of smoking such as 
smoking behavior of peers and self-efficacy skills to resist social pressure to smoke. The 
Smoke-free Kids program briefly goes into these specific aspects, but more active practice 
of self-efficacy skills might be required such as the Life-Skills Training (Botvin, Griffin, Paul, 
& Macaulay, 2003), as mentioned below.
 Smoke-free Kids was a home-based smoking prevention program. Other studies 
tested the effects of smoking prevention programs at schools and showed limited effects 
(e.g., Flay, 2009). In order to be effective, smoking prevention should take a broader 
approach. For instance, home-based programs should be combined with school 
prevention programs, community based programs, and/or mass media campaigns (i.e., a 
multi-component prevention program, Pentz, 1999). Although no studies were found that 
tested the combination between a family program and a community or mass media 
program, Thomas et al. (2007) showed limited effects of a combined family and school 
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program. For school programs, few positive effects were found. For example, Biglan (2000) 
compared a school-based program with a school-based program plus a community 
program and showed that the combination with a community wide intervention was 
more effective. In summary, it is important for children to see an anti-smoking message in 
their entire environment to prevent them from smoking. Non-smoking around children 
should be the norm. Therefore, it would be better to have prevention at different levels 
(i.e., family, school, community) to endorse an overall anti-smoking statement.
Implications for Prevention and Intervention 
Although the outcomes of the present thesis should be replicated and expanded, the 
present thesis provides helpful directions for the development of future effective smoking 
prevention and intervention programs. Self-efficacy turned out to be an essential factor 
that should be incorporated in prevention programs. The results imply the importance of 
prevention programs that focus on teaching skills for resisting social pressure to use 
tobacco by helping adolescents to develop personal self-management and social skills 
(e.g., Life Skills Training, Botvin et al., 2003). Such a program should be carried out preferably 
in schools, because this is where the children are most in contact with their peers and all 
different SES levels can be reached. 
 Besides this, we would to recommend that parents talk with their children about 
smoking in a constructive and respectful manner but do not talk too often in (pre)
adolescence. It could be important for the child to indicate that he/she want to talk about 
smoking rather than the other way around. Furthermore, we would advise parents to stop 
smoking and to keep their children away from smoking-related situations. It is important 
for parents to stop smoking while the child is still young (Bricker et al., 2003). Less exposure 
to smoking lead to the perception that smoking is less normative, decreasing the likelihood 
that children will start smoking (Otten et al., 2007). Moreover, intervention programs 
should also focus on peer smoking as sibling and friends´  smoking is strongly and 
consistently related to smoking onset. Campbell et al. (2008) showed that targeting peers 
is an effective strategy for reducing adolescent smoking prevalence at one year of 
follow-up. In their intervention program, dominant and influential students were 
approached to act as peer supporters during informal interactions and to stimulate their 
peers not to smoke. Yet, results were no longer significant after two years. Lastly, at this 
moment, we would like to recommend policy makers not to intervene prevention 
programs during elementary age using a universal program.
Policy
The reason for why children start smoking is strongly related to environmental smoking 
(i.e. parents, siblings, and friends) and the lack of self-efficacy skills. At home children can 
be partly protected by parenting practices, but outside the family, governmental action 
should help prevent youth from smoking. Akthar, Haw, Currie, Zachary, and Currie (2009) 
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argue that smoke-free legislation increases the proportion of children reporting a 
complete ban on smoking in their household. To limit secondhand smoke exposure, the 
Dutch government implemented a smoking ban in bars and restaurants in 2008, 
conforming to the demands of the WHO Framework Convention on Tobacco Control 
(WHO, 2003). Unfortunately, the implementation of this ban in the Netherlands partly 
failed (Gonzalez & Glantz, 2011). In other countries where the ban was successfully 
implemented, it effectively reduced smoking rates (Trotter, Wakefield, & Borland, 2002; 
Wakefield, Carmeron, & Murphy, 2009). In the near future, the smoking ban will likely be 
re-implemented in the Netherlands. Besides, it is necessary to make schools and their 
schoolyards smoke-free. At this moment, only 25% of high school schoolyards are 
smoke-free in the Netherlands (Longfonds, 2013). Moore, Roberts, and Tudor-Smith (2001) 
showed that comprehensive school smoking policies might help to reduce teenage 
smoking.
 Considering other possibilities, the government should make the availability of 
cigarettes more difficult for young people to prevent youth from smoking. Therefore, the 
minimum age to purchase tobacco can be increased. Previous research showed that the 
increasing the minimum age to purchase tobacco from 16 to 18 was associated with a 
reduction in regular smoking among youth (Millett, Lee, Gibbons, & Glantz, 2011). In 
addition, increasing prices of cigarettes might be beneficial. Increased prices decrease 
both smoking participation and consumption of cigarettes; however, the effect on 
smoking initiation is less clear (Bader, Boisclair, & Ferrence, 2011; Pierce, White, & Emery, 
2012). Furthermore, cigarettes packages should be less attractive. Health warning 
messages on tobacco products may help to prevent smoking initiation (Hammond, 2011). 
Abovementioned regulations could prevent youth from smoking.
Concluding statement
The present thesis provided more insight into explaining smoking onset among (pre)
adolescents and suggested some ways to prevent (pre)adolescents from smoking 
initiation. The findings presented in this thesis suggest that several individual and 
environmental factors are associated with smoking onset during (pre)adolescence. One of 
the main findings is that refusal self-efficacy is an important factor in the prevention of 
smoking during adolescence. Children can protect themselves by refusing cigarettes 
offered by their friends. Smoking behavior of peers also plays a central role in smoking 
initiation. Besides friends, parental smoking and practices can influence their children´s 
smoking behavior. Parents should provide a smoke-free environment for their children. 
The absence of gene-environment interactions between the dopaminergic system and 
environmental smoking/parenting shows that environmental factors that play a role in 
smoking onset affect carriers and non-carriers of genes of the dopaminergic system 
equally. Prevention conducted in preadolescence that focused on smoking-specific 
parenting strategies (i.e., Smoke-free Kids) showed small short-term effects of some 
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 smoking-related cognitions and anti-smoking socialization. No long-term effects of 
prevention on smoking onset during preadolescence on were found. Further research 
should test multi-modal prevention programs closer to the age of smoking onset more 
intensively.
258
CHAPTER 11
References
Albers, A.B., Biener, L., Sigel, M., Cheng, D. M., & Rigotti, N. (2008). Household Smoking Bans and Adolescent 
Antismoking Attitudes and Smoking Initiation: Findings From a Longitudinal Study of a Massachusetts Youth 
Cohort. American Journal of Public Health, 98, 1886-93. doi: 10.2105/AJPH.2007.129320.
Akhtar, P. C., Haw, S. J., Currie, D. B., Zachary, R., & Currie, C. E. (2009). Smoking restrictions in the home and secondhand 
smoke exposure among primary schoolchildren before and after introduction of the Scottish smoke-free 
legislation. Tobacco Control, 18, 409-15. doi:10.1136/tc.2009.030627 
Avenevoli, S., & Merikangas, K. R. (2003). Familial Influences on Adolescent Smoking. Addiction, 98, 1-20. doi:10.1046/
j.1360-0443.98.s1.2.x
Bader, P., Boisclair, D., & Ferrence, R. (2011). Effects of Tobacco Taxation and Pricing on Smoking Behavior in High Risk 
Populations: a Knowledge Synthesis. International Journal of Environmental Research Public Health, 8, 4118–39. 
doi:10.3390/ijerph8114118
Bandura, A. (1977). Self-efficacy: Toward a Unifying Theory of Behavioral Change. Psychology Review, 84, 191-215.
Bandura, A. (1986). The Social Foundations of Thought and Action: A Social Cognitive Theory Prentic-Hall Englewood 
Cliffs, N.J., Prentice-HallSeries.
Bandura, A. (1992). Self-efficacy mechanism in psychobiologic functioning. In R. Schwarzer (Ed.), Self-efficacy: 
Thought control of action (pp. 355-394). Washington, D.C.: Hemisphere.
Bauman, K. E., Carver, K., & Gleiter, K. (2001). Trends in Parent and Friend Influence during Adolescence. The Case of 
Adolescent Cigarette Smoking. Addictive Behaviors, 26, 349-61. doi:10.1016/S0306-4603(00)00110-6
Bernat. D. H., Erickson, D. J., Widome, R., Perry, C. L., & Forster, J. L. (2008). Adolescent smoking trajectories. Results 
from a population-based cohort study. Journal of Adolescent Health, 43, 334-40. doi:10.1016/j.jadohealth. 
2008.02.014.
Berridge, K. C. (2003). Pleasures of the brain. Brain & Cognition, 52, 106-28. doi:10.1016/S0278-2626(03)00014-9
Berridge, K. C., & Robinson, T. E. (1998). What is the role of dopamine in reward: hedonic impact, reward learning, or 
incentive salience? Brain Research Reviews, 28, 309-69. doi:10.1016/S0165-0173(98)00019-8
Berridge, K. C., & Robinson, T. E. (2003). Parsing reward. TRENDS in Neurosciences, 26, 507-13. doi:10.1016/S0166-
2236(03)00233-9
Biglan, A. (2000). A randomized controlled trial of a community intervention to prevent adolescent tobacco use. 
Tobacco Control, 9, 24-32. doi:10.1136/tc.9.1.24
Botvin, G. J., Griffin, K. W., Paul, E., & Macaulay, A. P. (2003). Preventing tobacco and alcohol use among elementary 
school students through Life Skills Training. Journal of Child & Adolescent Substance Abuse, 12, 1-18. doi:10.1300/
J029v12n04_01
Bricker, J. B., Leroux, B. G., Peterson, A. V., Kealey, K. A., Sarason, I. G., Andersen, M. R., & Marek, P. M. (2003). Nine-year 
prospective relationship between parental smoking cessation and children’s daily smoking. Addiction, 98, 
585-93. doi:10.1046/j.1360-0443.2003.00343.x
Bricker, J. B., Peterson, A. V., Andersen M. R., Rajan K. B., Leroux, B. G., & Sarason, I. G. (2006). Childhood friends who 
smoke: Do they influence adolescents to make smoking transitions? Addictive Behaviors, 31, 889-900. 
doi:10.1016/j.addbeh.2005.07.011
Bricker, J. B., Peterson, A. V., Sarason, I. G., Andersen, M. R., & Rajan, K. B. (2007). Changes in the influence of parents’ 
and close friends’ smoking on adolescent smoking transitions. Addictive Behaviors, 32, 740-57. doi:10.1016/j.
addbeh.2006.06.020
Buller, D. B., Borland, R., Woodall, W. G. Hall, J. R., Hines, J. M.,  Burris-Woodall, P., … Saba, L. (2008). Randomized Trials 
on Consider This, a Tailored, Internet-Delivered Smoking Prevention Program for Adolescents. Health Education 
& Behavior, 35, 260-81. doi:10.1177/1090198106288982
Campbell, R., Starkey, F., Holliday, J., Audrey, S., Bloor, M., Parry-Langdon, N., … Moore, L. (2008). An informal 
school-based peer-led intervention for smoking prevention in adolescence (ASSIST): A cluster randomized 
trial. Lancet, 371, 1556-7. doi:10.1016/S0140-6736(08)60692-3.
Chassin, L., Presson, C. C., Todd, M., Rose, J. S., & Sherman, S. J. (1998). Maternal Socialization of Adolescent Smoking: 
The Intergenerational Transmission of Parenting and Smoking. Developmental Psychology, 34, 1189-1201. 
doi:10.1037/0012-1649.34.6.1189
259
11
GENERAL DISCUSSION
Chassin, L., Presson, C. C., Rose, J., Sherman, S. J., Davis, M. J., & Gonzalez, J. L. (2005). Parenting Style and Smoking-
Specific Parenting Practices as Predictors of Adolescent Smoking Onset. Journal of Pediatric Psychology, 30, 
333-344. doi:10.1093/jpepsy/jsi028. 
Côté, F., Godin, G., & Gagné, C. (2004). Identification of factors promoting abstinence from smoking in a cohort of 
elementary schoolchildren. Preventive Medicine, 39, 695-703. doi:10.1016/j.ypmed.2004.02.037
Crone, M. R., Spruijt, R., Dijkstra, N. S., Willemsen, M. C., & Paulussen, T. G. W. N.(2011). Does a smoking prevention 
program in elementary schools prepare children for secondary school? Preventive Medicine, 52, 53-9. 
doi:10.1016/j.ypmed.2010.11.003
Deci, E. L., & Ryan, R. M. (1985). Intrinsic motivation and self-determination in human behavior. New York: Plenum.
Deci, E. L., & Ryan, R. M. (2000). The ‘‘what” and ‘‘why” of goal pursuits: human needs and the self-determination of 
behavior. Psychological Inquiry, 11, 227-68. doi: 10.1207/S15327965PLI1104_01
den Exter Blokland, E. A. W., Engels, R. C. M. E., Hale III, W. W., Meeus, W.,  & Willemsen, M. C. (2004). Lifetime parental 
smoking history and cessation and early adolescent smoking behavior. Preventive Medicine, 38, 359-68. 
doi:10.1016/j.ypmed.2003.11.008
den Exter Blokland, E. A. W., Hale III, W. W., Meeus, W., & Engels, R. C. M. E. (2006). Parental Anti-smoking Socialization: 
Associations between Parental Anti-smoking Socialization Practices and Early Adolescent Smoking Initiation. 
European Addiction Research, 12, 25-32. doi:10.1159/000088580
de Leeuw, R. N. H., Kleinjan, M., Verdurmen, J. E. E., van As, N. M. C, Rensink, H. F. W., Schulten, I.G.H., …, Engels, R. C. M. 
E. (under review). Results from a pilot study on the effectiveness of the e-learning course “Talking with Your 
Child”. 
de Leeuw, R. N. H., Scholte, R. H. J., Harakeh, Z., van Leeuwe, J .F .J., & Engels, R. C. M. E. (2008). Parental Smoking-
specific Communication, Adolescents’ Smoking Behavior and Friendship Selection. Journal of Youth & 
Adolescence, 37, 1229-41. doi:10.1007/s10964-008-9273-z
de Leeuw, R. N. H, Scholte, R. H. J., Vermulst, A. A., & Engels, R. C. M. E. (2010). The relation between smoking-specific 
parenting and smoking trajectories of adolescents: How are changes in parenting related to changes in 
smoking? Psychology & Health, 25, 999-1021. doi:10.1080/08870440903477204 
de Leeuw, R. N. H., Scholte, R. H. J., Vermulst, A. A., & Engels, R. C. M. E. (2013). The Associations of Anticipated Parental 
Reactions with Smoking Initiation and Progression in Adolescents. The America Journal of Addiction. doi:10.1111/
j.1521-0391.2013.12020.x
de Vries, H., Engels, R. C. M. E., Kremers, S., Wetzels, J., & Mudde, A. (2003). Parents’ and Friends’ smoking Status as 
Predictors of Smoking Onset: Findings from Six European Countries. Health Education Research, 18, 627-36. 
doi:10.1093/her/cyg032.
Dijkstra, M., Mesters, I., de Vries, H., van Breukelen, G., & Parcel, G. S. (1999). Effectiveness of a social influence approach 
and boosters to smoking prevention. Health Education Research, 14, 791-802. doi: 10.1093/her/14.6.791
Eisner, M. (2009). No effects in independent prevention trials: can we reject the cynical view? Journal of Experimental 
Criminology, 5, 163-83. doi:10.1007/s11292-009-9071-y
Elek, J., Wagstaff, D. A., & Hecht, M. L. (2010). Effects of the 5th and 7th Grade Enhanced Versions of the Keepin’ it REAL 
Substance Use Prevention Curriculum. Journal of Drug Education, 40, 61-79. doi:10.2190/DE.40.1.e
Emory, K., Saquib, N., Gilpin, E. A., & Pierce, J. P. (2010). The association between home smoking restrictions and youth 
smoking behaviour: a review. Tobacco Control, 19, 195-506. doi:10.1136/tc.2010.035998
Engels, R. C. M. E., Vitaro, F., den Exter Blokland, E., de Kemp, R., & Scholte, R. H. J. (2004). Influence and selection 
processes in friendships and adolescent smoking behaviour: the role of parental smoking. Journal of 
Adolescence, 27, 531-44. doi:10.1016/j.adolescence.2004.06.006
Engels, R. C. M. E., Finkenauer, C., Kerr, M., & Stattin, H. (2005). Illusions of Parental Control: Parenting and Smoking 
Onset in Dutch and Swedish. Journal of Applied Social Psychology, 35, 1912-35. doi:10.1111/j.1559-1816.2005.
tb02202.x
Flay, B. R., Hu, F. B., Siddiqui, O., Day, E., Hedeker, D., Petraitis, J., … Sussman, S. (1994). Differential Influence of Parental 
Smoking and Friends’ Smoking on Adolescent Initiation and Escalation and Smoking. Journal of Health & Social 
Behavior, 35, 248-265.
Flay, B. R. (2009). The promise of long-term effectiveness of school-based smoking prevention programs: a critical 
review of reviews. Tobacco Inducted Diseases, 5:7. doi:10.1186/1617-9625-5-7
260
CHAPTER 11
Gerra, G., Garofano, L., Zaimovic, A., Moi, G., Branchi, B., Bussandri,… Donnini, C. (2005). Association of the Serotonin 
Transporter Promoter Polymorphism With Smoking Behavior Among Adolescents. American Journal of 
Medical Genetics Part B, 135B, 73-8. doi:10.1002/ajmg.b.30173
Gladwin, T. E., Figner, B., Crone, E. A., & Wiers, R. W. (2011). Addiction, adolescence, and the integration of control and 
motivation. Developmental Cognitive Neuroscience, 4, 364-76. doi:10.1016/j.dcn.2011.06.008. 
Greenwald, A. G., & Banaji, M. R. (1995). Implicit social cognition: Attitudes, self-esteem, and stereotypes. Psychological 
Review, 102, 4-27.
Gonzalez, M., & Glantz, S. A. (2011). Failure of policy regarding smoke-free bars in the Netherland. European Journal of 
Public Health, 1-7. doi:10.1093/eurpub/ckr173
Guo, Q., Johnson, C. A., Unger, J. B., Lee, L., Xie, B., Chou, C.-P, ... Pentz, M. (2007). Utility of the theory of reasoned action 
and theory of planned behavior for predicting. Chinese adolescent smoking. Addictive Behaviors, 32, 1066-81. 
doi:10.1016/j.addbeh.2006.07.015
Hahn, G., Charlin, V. L., Sussman, S., Dent, C. W., Manzi, J, Stacy, A. W., … Burton, D. (1990). Adolescent’s first and most 
recent use situations of smokeless tobacco and cigarettes: Similarities and differences. Addictive Behaviors, 15, 
414-30. doi: 10.1016/0306-4603(90)90030-2
Hammon, D. (2011). Health warning messages on tobacco products: a review. Tobacco Control, 20, 327-37. doi:10.1136/
tc.2010.037630
Hanson, M. D., & Chen, E. (2007). Socioeconomic Status and Health Behaviors in Adolescence: A Review of the 
Literature. Journal of Behavioral Medicine, 30, 263-85. doi:10.1007/s10865-007-9098-3
Harakeh, Z., Scholte, R. H. J., de Vries, H., & Engels, R. C. M. E (2005). Parental Rules and Communication: Their 
Association with Adolescent Smoking. Addiction, 100, 862-70 doi:10.1111/j.1360-0443.2005.01067.x.
Harakeh, Z., Scholte, R. H. J., Vermulst, A. A., de Vries, H., & Engels, R. C. M. E. (2004). Parental Factors and Adolescents’ 
Smoking Behavior: An Extension of the Theory of Planned Behavior. Preventive Medicine, 39, 951-61. doi:10.1016/j.
ypmed.2004.03.036w
Harakeh, Z., Scholte, R. H. J., Vermulst, A. A., & Engels, R. C. M. E. (2010). The Relations Between Parents’ Smoking, 
General Parenting, Parental Smoking Communication, and Adolescents’ Smoking. Journal of Research on 
Adolescence, 20, 140-65. doi:10.1111/j.1532-7795.2009.00626.x
Hoffman, B. R., Sussman, S., Unger, J. B., & Valente, T. W. (2006). Peer influences on Adolescent Cigarette Smoking: A 
theoretical Review of the Literature. Substance Use & Misuse, 41, 103-55. doi:10.1080/1082608050036889
Holder, H. (2010). Prevention programs in the 21st century: what we do not discuss in public. Addiction, 105, 578-81. 
doi:10.1111/j.1360-0443.2009.02752.x 
Hopfer, S., Davis, D., Kam, J. A., Shin, Y., Elek, E., & Hecht, M. L. (2010). A review of Elementary School-based Substance 
use Prevention Programs Identifying Program Attributes. Journal of Drug Education, 40, 11-36. doi:10.2190/
DE.40.1.b
Huijding, J., de Jong, P. J., Wiers, R. W., & Verkooijen, K. (2005). Implicit and explicit attitudes toward smoking in a 
smoking and a nonsmoking setting. Addictive Behavior, 30, 949-61. doi:10.1016/j.addbeh.2004.09.014 
Huver, R. M. E., Engels, R. C. M. E., & de Vries, H. (2006). Are anti-smoking parenting practices related to adolescent 
smoking cognitions and behavior? Health Education Research, 21, 66-77. doi:10.1093/her/cyh045
Huver, R. M. E., Engels, R. C. M. E., Vermulst, A. A., & de Vries, H. (2007). Is parenting style a context for smoking-specif-
ic parenting practices? Drug & Alcohol Dependence, 89, 116-125. doi:10.1016/j.drugalcdep.2006.12.005
Jackson, C., & Dickinson, D. (2003). Can parents who smoke socialize their children against smoking? Results from the 
Smoke-free Kids intervention trial. Tobacco Control, 12, 52-9. doi:10.1136/tc.12.1.52.
Jackson, C., & Dickinson, D. (2006). Enabling Parents Who Smoke to Prevent Their Children From Initiating Smoking. 
Results From a 3-Year Intervention Evaluation. Archives of Pediatrics & Adolescent Medicine, 160, 56-62. Retrieved 
from: http://archpedi.ama-assn.org/cgi/content/full/160/1/56
Jackson, C., & Dickinson, D. M. (2011). Anti-smoking parenting practices: recall by and effect on children’s risk of 
smoking after 3 years. International Journal of Public Health, 56, 263-70. doi:10.1007/s00038-010-0227-3.
Jackson, C., & Henriksen, L. (1997). Do as I say: Parent smoking, anti-smoking socialization and smoking onset among 
children. Addictive Behaviors, 22, 107-14. doi:10.1016/0306-4603(95)00108-5
Jackson, C., Henriksen, L., Dickinson, D., Messer, L., & Robertson, S. B. (1998). A longitudinal study predicting patterns 
of cigarette smoking in late childhood. Health Education & Behavior, 25, 436-47.
261
11
GENERAL DISCUSSION
Juon, H., Ensminger, M. E., & Dobson Sydnor, K. (2002). A longitudinal study of developmental trajectories to young 
adult cigarette smoking. Drug & Alcohol Dependence, 66, 303-314. doi: 10.1016/S0376-8716(02)00008-X,
Keren, G., & Schul, Y. (2009). Two Is Not Always Better Than One : A Critical Evaluation of Two-System Theories. 
Perspectives on Psychological Science, 4, 533-50. doi:10.1111/j.1745-6924.2009.01164.x 2009 4
Klein, E. G., Forster, J. L., Erickson, D. J., Lytle, L. A., & Schillo, B. (2009). The relationship between local clean indoor air 
policies and smoking behaviours in Minnesota youth. Tobacco Control, 18, 132-7. doi:10.1136/tc.2007.024307.
Kobus, K. (2003). Peers and Adolescent Smoking. Addiction, 98, 37–55. doi:10.1046/j.1360-0443.98.s1.4.x
Koning, I. M., van den Eijnden, R. J. J. M., & Engels, R. C. M. E. (2011). Why target early adolescents and parents in alcohol 
prevention? The mediating effects of self-control, rules and attitudes about alcohol use. Addiction, 106, 538-46. 
doi:10.1111/j.1360-0443.2010.03198.x
Koopmans, J. R., Slutske, W. S., Heath, A. C., Neale, M. C., & Boomsma, D. I. (1999). The genetics of smoking initiation 
and quantity smoked in Dutch adolescents and young adult twins. Behavioral Genetics, 29, 383-93. doi:10.1023/ 
A:1021618719735
Kremers, S. P. J., Mudde, A. N., & de Vries, H. (2004). Model of unplanned smoking initiation of children and adolescents: 
an integrated stage model of smoking behavior. Preventive Medicine, 38, 642-50. doi:10.1016/j.ypmed.2003.12.003 
Laine, C., Horton, R., DeAgelis, C. D., Godlee, F., Drazen, J. F., Frizelle, F. A., … F.W.A. Verheugt (2007). Clinical trial 
registration: looking back and moving ahead. The Lancet, 369, 1909-11.
Laucht, M., Becker, K., Frank, J., Schmidt, M. H., Esser , G.,Treutlein, J., … Schumann, G. (2008). Genetic Variation in 
Dopamine Pathways Differentially Associated With Smoking Progression in Adolescence. Journal of the 
American Academy of Child & Adolescent Psychiatry, 47, 673-81. doi:10.1097/CHI.0b013e31816bff77
Larsen, H., van der Zwaluw, C. S., Overbeek, G., Granic, I., Franke, B., & Engels, R. C. M. E. (2010). A Variable-Number-of-
Tandem-Repeats Polymorphism in the Dopamine D4 Receptor Gene Affects Social Adaptation  of Alcohol Use: 
Investigation of a  Gene-Environment Interaction. Psychological Science, 21, 1064-68. doi:10.1177/0956797610376654
Leonardi-Bee, J., Jere, M. L., & Britton, J. (2011). Exposure to parental and sibling smoking and the risk of smoking 
uptake in childhood and adolescence: a systematic review and meta-analysis. Thorax, 66, 847-856. doi:10.1136/
thx.2010.153379
Lerman, C., Caporaso, N. E., Audrain, J., Main, D., Bowman, E. D., Lockshin, B., … Shields, P. G. (1999). Evidence 
suggesting the role of specific genetic factors in cigarette smoking. Health Psychology, 18, 14-20. doi:10.1037/ 
0278-6133.18.1.14
Leventhal, H., & Cleary, P. D., (1980). The smoking problem: a review of the research and theory in behavioral risk 
modification. Psychological Bulletin, 88, 370–405.
Li, M. D., Cheng, R., Ma, J. Z., & Swan, G. E. (2003). A meta-analysis of estimated genetic and environmental effects on 
smoking behavior in male and female adult twins Addiction, 98, 23-31. doi:10.1046/j.1360-0443.2003.00295.x
Longfonds (2013). Retrieved May 1 2013 from http://www.longfonds.nl/rookvrij-schoolterrein/feiten-en-cijfers
Mahabee-Gittens, E. M., Ding, L., Gordon, J. S., & Huang B. (2010). Agreement Between Parents and Youths on 
Measures of Antismoking Socialization. Journal of Child & Adolescent Substance Abuse, 19, 158–70. doi: 
10.1080/10678281003635022
Marsiglia, F. F., Kulis, S., Yabiku, S. T., Niere, T. A., & Coleman, E. (2011). When to Intervene: Elementary School, Middle 
School or Both? Effects of keepin’ It REAL on Substance Use Trajectories of Mexican Heritage Youth. Preventive 
Science, 12, 48-62. doi:10.1007/s11121-010-0189-y
Mayhew, K. P., Flay, B. R., & Mott, J. A. (2000). Review: Stages in the Development of Adolescent Smoking. Drug & 
Alcohol Dependence, 59, S61-81. doi:10.1016/S0376-8716(99)00165-9
McCarty, D. M., & Thompson, D. M. (2006). Implicit and Explicit Measures of Alcohol and Smoking Cognitions. 
Psychology of Addictive Behaviors, 20, 436-44. doi:10.1037/0893-164X.20.4.436
Mercken, L., Candel, M., van Osch, L., & de Vries H. (2011). No smoke without fire: The impact of future friends on 
adolescent smoking behavior. British Journal of Health Psychology, 16, 170-188. doi:10.1348/135910710X531608
Mercken, L., Snijders, T. A. B., Steglich, C., & de Vries, H. (2009). Dynamics of adolescent friendship networks and 
smoking behavior: Social network analyses in six European countries. Social Science & Medicine, 69, 1506-14. 
doi:10.1016/j.socscimed.2009.08.003
Millett, C., Tuya Lee, J., Gibbons, D. C., & Glantz, S. A. (2011). Increasing the age for the legal purchase of tobacco in England: 
impacts on socio-economic disparities in youth smoking. Thorax, 66, 862-65. doi:10.1136/thx.2010.154963
262
CHAPTER 11
Milton, B., Cook, P. A., Dugdill, L., Porcellato, L., Springett, J., & Woods, S. E. (2004). Why do primary school children 
smoke? A longitudinal analysis of predictors of smoking uptake during pre-adolescence. Public Health, 118, 
247-55. doi: 10.1016/j.puhe.2003.10.006
Moher, D., Hopewell, S., Schulz, KF., Montori, V., Gøtzsche, P.C., Devereaux, P.J., … Altman, D.G. for the CONSORT 
Group (2010). CONSORT 2010 Explanation and Elaboration: updated guidelines for reporting parallel group 
randomized trial. British Medical Journal, 340, c869. doi:10.1136/bmj.c869
Moore, L., Roberts, C., & Tudor-Smith, C. (2001). School smoking policies and smoking prevalence among adolescents: 
multilevel analysis of cross-sectional data from Wales. Tobacco Control, 10, 117-23. doi:10.1136/tc.10.2.117
Oakley, A., Strange, V., Bonell, C., Allen, E., Stephenson, J. (2006). Analysis and comment Health services research 
Process evaluation in randomised controlled trials of complex interventions. British Medical Journal, 322, 413-16. 
doi:10.1136/bmj.332.7538.413
O’Connor, R. M., Fite, P. J., Nowlin, P. R., & Colder, C.R. (2007). Children’s beliefs about substance use: an examination 
of age differences in implicit and explicit cognitive precursors of substance use initiation. Psychology of 
Addictive Behavior, 21, 525-33. doi:10.1037/0893-164X.21.4.525
O’Loughlin, J., Paradis, G., Renaud, L., & Sanchez Gomez, L. (1998). One-year predictors of smoking initiation and of 
continued smoking among elementary schoolchildren in multiethnic, low-income, inner-city neighborhoods. 
Tobacco Control, 7, 268-75. doi:10.1136/tc.7.3.268
O’neill, J. M., Clark, J. K., & Jones, J. A. (2010). Promoting Mental Health and Preventing Substance Abuse and Violence 
in Elementary Students: A Randomized Control Study of the Michigan Model for Health. Journal of School 
Health, 81, 320-30. doi:10.1111/j.1746-1561.2011.00597.x
Otten, R., Harakeh, Z., Vermulst, A. A., van den Eijnden, R. J. J. M., & Engels, R. C. M. E. (2007). Frequency and Quality of 
Parental Communication as Antecedents of Adolescent Smoking Cognitions and Smoking Onset. Psychology 
of Addictive Behaviors, 21, 1-12. doi:10.1037/0893-164X.21.1.1
Otten, R., Engels, R. C. M. E., & Prinstein, M. J. A. (2009). Prospective Study of Perception in Adolescent Smoking. 
Journal of Adolescent Health, 44, 478-84. doi:10.1016/j.jadohealth.2008.09.004
Pennanen, M., Vartiainen, E., & Haukkala, A. (2012). The role of family factors and school achievement in the 
progression of adolescents to regular smoking. Health Education Research, 27, 57-68. doi:10.1093/her/cyr097
Pentz, M. A. (1999). Effective prevention programs for tobacco use. Nicotine and Tobacco Research, 1, S99-S107. 
doi:10.1080/14622299050011891
Petraitis, J., Flay, B.R., & Miller, T.Q. (1995). Reviewing Theories of Adolescent Substance Use Organizing Pieces in the 
Puzzle. Psychological Bulletin, 117, 67-86. doi:10.1037/0033-2909.117.1.67
Pieters, S., van der Zwaluw, C. S., van der Vorst, H., Wiers, R. W., Smeets, H., Lambrichs, E., …, Engels, R. C. M. E. (2012). 
The Moderating Effect of Alcohol-Specific Parental Rule-Setting on the Relation between the Dopamine D2 
Receptor Gene (DRD2), the Mu-Opioid Receptor Gene (OPRM1) and Alcohol Use in Young Adolescents. 
Alcohol Alcoholism, 47, 663-70. doi:10.1093/alcalc/ags075
Pierce, J.P., White, V.M., & Emery, S.L. (2012). What public health strategies are needed to reduce smoking initiation? 
Tobacco Control, 21, 258-64. doi:10.1136/tobaccocontrol-2011-050359 
Plint, A.C., Moher, D., Morrison, A., Schulz, K., Altman, D.G., Hill, C., & Gaboury, I. (2006). Does the CONSORT checklist 
improve the quality of reports of randomised controlled trials? A systematic review. Medical Journal of Australia, 
185, 263-67.
Ringlever, L., Otten, R., de Leeuw, R. N. H., Engels, R. C. M. E. (2011). Effects of Parents’ Education and Occupation on 
Adolescent Smoking and the Mediating Role of Smoking-Specific Parenting and Parent Smoking. European 
Addiction Research, 17, 55-63, doi:10.1159/000321258
Robinson, T. E., & Berridge, K. C. (1993). The neural basis of drug craving: an incentive-sensitization theory of addiction. 
Brian Research Reviews, 18, 247-91. doi:10.1016/0165-0173(93)90013-P
Robinson, T. E., & Berridge, K. C. (2003). Addiction. Annual Review of Psychology, 54, 25-53 doi:10.1146/annurev.
psych.54.101601.145237
Rooke, S.E., Hine, D. W., & Thorsteinsson, E. B. (2008). Implicit cognition and substance use: a meta-analysis. Addictive 
Behaviors, 33, 1314-28. doi:10.1016/j.addbeh.2008.06.009
Schuck, K., Kleinjan, M., Otten, R., Engels, R. C. M. E., DiFranza, J. R. (2012a) Responses to environmental smoking in 
never-smoking children: can symptoms of nicotine addiction develop in response to environmental tobacco 
smoke exposure? Journal of Psychopharmacology. doi:10.1177/0269881112466184
263
11
GENERAL DISCUSSION
Schuck, K., Otten, R., Engels, R.C.M.E., & Kleinjan, M. (2012b). The role of environmental smoking in smoking-related 
cognitions and susceptibility to smoking in never-smoking 9–12 year-old children. Addictive Behaviors, 37, 
1400-5. doi:10.1016/j.addbeh.2012.06.019
Sherman, S.J., Chassin, L., Presson, C., Seo, D., & Macy, J.T. (2009). The Intergenerational Transmission of Implicit and 
Explicit Attitudes Toward Smoking. Journal of Experimental Social Psychology,45, 313. doi:10.1016/j.jesp.2008. 
09.012.
Simons-Morton, B.G., & Farhat, T. (2010). Recent Findings on Peer Group Influences on Adolescent Smoking. Journal 
of Primary Prevention, 31, 191–208. doi:10.1007/s10935-010-0220-x
Smith, B.N., Bean, M.K., Mitchell, K.S., Speizer, I.S., & Fries, E.A. (2007). Psychosocial factors associated with non-smoking 
adolescents’ intentions to smoke. Health Education Research, 22, 238-47. doi:10.1093/her/cyl072
Stivoro (2008). Roken, de harde feiten: Jeugd 2008. [Smoking, the hard facts: Youth 2008]. The Hague, The Netherlands.
Stivoro (2012). Roken, de harde feiten: Jeugd 2012. [Smoking, the hard facts: Youth 2012]. The Hague, The Netherlands. 
Retrieved from: http://stivoro.nl/wp-content/uploads/2012/docs/factsheets/jongeren/Fact%20sheet%20
RJM%202012.pdf
Thomas, R. E., Baker, P. R. A., & Lorenzetti, D. (2007). Family-based programmes for preventing smoking by children 
and adolescents. Cochrane Database of Systematic Reviews, 1, doi:10.1002/14651858.CD004493.pub
Thomas, R., & Perera, R. (2006). School-based programmes for preventing smoking. Cochrane Database of Systematic 
Reviews, 3. doi:10.1002/14651858.CD001293.pub2.
Topa, G., & Mariano J. A. (2010). Review: Theory of planned behavior and smoking: meta-analysis and SEM model. 
Substance Abuse & Rehabilitation, 1, 23-33. doi: 10.2147/SAR.S15168
Trotter, L., Wakefield, M., & Borland, R. (2002). Socially cued smoking in bars, nightclubs, and gaming venues: a case 
for introducing smoke-free policies. Tobacco Control, 11, 300-4. doi:10.1136/tc.11.4.300
Turner, L., Shamseer, L., Altman, D.G., Weeks, L., Peters, J., Kober, T., … Moher, D. (2012). Consolidated standards of 
reporting trials (CONSORT) and the completeness of reporting of randomised controlled trials (RCTs) 
published in medical journals. Cochrane Database Systematic Reviews, 11, MR000030. doi: 10.1002/14651858.
MR000030.pub2.
U.S. Department of Health and Human Services (2012). Preventing Tobacco Use Among Youth and Young Adults: A 
Report of the Surgeon General. Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease 
Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion, Office on 
Smoking and Health.
van der Zwaluw, C. S., Engels, R. C. M. E., Vermulst, A. A., Franke, B., Buitelaar, J., Verkes, R. J., & Scholte, R. H. (2010). 
Interaction between dopamine D2 receptor genotype and parental rule-setting in adolescent alcohol use: 
evidence for a gene-parenting interaction. Molecular Psychiatry, 15, 727-35. doi:10.1038/mp.2009.4
van der Zwaluw, C. S., Larsen, H., & Engels, R. C. M. E. (2011). Best friends and alcohol use in adolescence: the role of 
dopamine D4 receptor gene. Addiction Biology, 17, 1036-45. doi:10.1111/j.1369-1600.2010.00305.x. Epub 2011 Mar 11.
Verhagen, M., Kleinjan, M., & Engels, R. C. M. E. (2012). A systematic review of the A118G (Asn40Asp) variant of OPRM1 
in relation to smoking initiation, nicotine dependence and smoking cessation. Pharmacogenomics, 13, 917-33. 
doi:10.2217/pgs.12.76 
Vet, R., & van den Eijnden, R. (2007). Het gebruik van alcohol door jongeren en de rol van ouders: Resultaten van twee 
metingen [In English: Alcohol use during adolescence and the role of parents: Results of two waves]. (Vol. 51). 
Rotterdam: IVO.
Viergever, R. F., & Ghersi, D. (2011). The Quality of Registration of Clinical Trials. PLoS ONE, 6(2), e14701. doi:10.1371/
journal.pone.0014701.
Vink, J. M., Smit, A. B., de Geus, E. J. C., Sullivan, P., Willemsen, G., Hottenga, J. J., … Boomsma, D. I. (2009). Genome-wide 
Association Study of Smoking initiation and Current Smoking. American Journal of Human Genetics, 84, 367-79. 
doi:10.1016/j.ajhg.2009.02.001
Vitaro, F., Wanner, B., Brendgen, M., Gosselin, C., & Gendreau, P. L. (2004). Differential contribution of parents and 
friends to smoking trajectories during adolescence. Addictive Behaviors, 29, 831-35. doi:10.1016/j.addbeh. 
2004.02.018
Wakschlag, S. L., Metzger, A., Darfler, A, Ho, J., Mermelstein, R., & Rathouz P. J. (2011). The Family Talk About Smoking 
(FTAS) Paradigm: New Directions for Assessing Parent-Teen Communications About Smoking. Nicotine & 
Tobacco Research, 13, 103-12. doi:10.1093/ntr/ntq217.
264
CHAPTER 11
Wakefield, M., Carneron, M., & Murphy, M., (2009). Potential for Smoke-Free Policies in Social Venues to Prevent 
Smoking Uptake and Reduce Relapse: A Qualitative Study. Health Promotion Practice, 10, 119-27, doi: 10.1177/ 
1524839907302736 
Wang, Y., Storr, C. L., Green, K. M., Zhu, S., Stuart, E. A., Lynne-Lindsmann, S. D., … Ialongo, N. S. (2011). The effect of two 
elementary school-based prevention interventions on being offered tobacco and the transition to smoking. 
Drug & Alcohol Dependence, 120, 202-8. doi:10.1016/j.drugalcdep.2011.07.022
White, V. M., Hopper, J. L., Wearing, A. J., & Hill, D. J. (2003). The role of genes in tobacco smoking during adolescence 
and young adulthood: a multivariate behavior genetic investigation. Addiction, 98, 1087-1100. doi:10.1046/ 
j.1360-0443.2003.00427.x
Wiers, R. W., Bartholow, B. D., Van Den Wildenberg, E., Thush, C., Engels, R. C. M. E., Sher, K. J., … Stacy, A.W. (2007). 
Automatic and controlled processes and the development of addictive behaviors in adolescents. 
Pharmacology, Biochemistry & Behavior, 86, 263−283. doi:10.1016/j.pbb.2006.09.021
Wiers, R., & Stacy, A. (2006). Handbook of implicit cognition and addiction. Thousand Oaks, CA: Sage.
Wilson, P., Rush, R., Hussey, S., Puckering, C., Sim, Allely, C. S., … Gillberg, C. (2012). How evidence-based is an 
‘evidence-based parenting program’? A PRISMA systematic review and meta-analysis of Triple P. BMC Medicine, 
10, 130. doi:1741-7015/10/130
World Health Organization (2003). WHO framework convention on tobacco control. Retrieved May 1 2013 from 
http://www.who.int/fctc/text_download/en/index.html
265
11
GENERAL DISCUSSION

Nederlandse Samenvatting (Dutch Summary)
Publications
Dankwoord (Acknowledgement)
Curriculum Vitae

269
NEDERLANDSE SAMENVAT TING
Nederlandse Samenvatting (Dutch Summary) 
De tabaksepidemie is wereldwijd een van de grootste problemen voor de volksgezond-
heid. Jaarlijks overlijden zes miljoen mensen aan de gevolgen van roken (WHO, 2011). 
Tijdens de adolescentie is er een grote toename in het aantal rokers. Op 10-jarige leeftijd 
probeert 2% van de kinderen roken uit. Dit aantal neemt toe tot 11% onder 12-jarigen, 35% 
onder 14 jarigen, tot wel 68% bij 19-jarige kinderen (Stivoro, 2012). Kinderen die beginnen 
met roken op jonge leeftijd lopen een verhoogd risico om verslaafd te raken aan roken. 
Het is daarom belangrijk om te voorkomen dat kinderen beginnen met roken. In dit 
proefschrift wordt een reeks studies gepresenteerd, die ingaan op de vraag waarom (pre) 
adolescenten beginnen met roken en op de vraag of beginnen met roken kan worden 
voorkomen aan de hand van een preventieprogramma.
Hoofdstuk 1 is een algemene introductie en geeft informatie over beginnen met roken 
en individuele- en omgevingsfactoren die daar op van invloed zijn. Verder wordt in dit 
hoofdstuk in gegaan op eerdere rookpreventieprogramma’s. Het hoofdstuk eindigt met 
een weergave van de opbouw van dit proefschrift. Hierin zijn drie onderdelen te 
onderscheiden. Het eerste deel gaat in op verschillende voorspellende factoren van 
beginnen met roken, waaronder rookgerelateerde cognities (attitudes, zelfweerbaarheid 
en sociale normen), rookspecifieke opvoeding en rookgedrag van ouders, broers en/of 
zussen, en vrienden (Hoofdstuk 2-4). Het tweede deel van het proefschrift concentreert 
zich eveneens op de voorspellende factoren van roken, maar neemt hierin de wissel -
werking tussen genen en omgevingsfactoren mee, ook wel gen-omgevingsinteracties 
genoemd. Hierbij hebben we gekeken of genetische kwetsbaarheid voor roken tot uiting 
komt in aanwezigheid van verschillende omgevingsfactoren, zoals mensen in hun 
omgeving die roken (Hoofdstuk 5) en rookspecifieke opvoeding (Hoofdstuk 6). Hierbij 
hebben we specifiek gekeken naar dopamine-gerelateerde genen (dopamine receptoren 
D2, D4 en transporter DAT1), die betrokken zijn bij de werking van het beloningssysteem in 
het brein. Het derde deel van het proefschrift evalueert het Rookvrije Kids programma, 
een rookpreventieprogramma, aan de hand van een gerandomiseerd experiment of wel 
randomized controlled trial (RCT). Het eerste hoofdstuk van dit laatste deel beschrijft het 
studieprotocol waarin wordt beschreven hoe deze RCT studie is opgezet en uitgevoerd 
(Hoofdstuk 7). De drie daarop volgende hoofdstukken gaan in op de korte- (Hoofdstuk 8) en 
langetermijneffecten (Hoofdstuk 9 en 10) van het Rookvrije Kids programma. Het laatste 
hoofdstuk (Hoofdstuk 11) geeft een samenvatting en algemene discussie van de belangrijkste 
bevindingen van dit proefschrift.
Deel I: Voorspellende factoren van beginnen met roken
Hoofdstuk 2 beschrijft een cross-sectionele studie, waarin wordt onderzocht of rook-
specifieke communicatie en het rookgedrag van ouders samenhangen met rookgerelateerde 
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cognities en rookgedrag van pre-adolescenten. Hiervoor maakten we gebruik van de 
eerste meting van het Rookvrije Kids programma (N = 1,478). In deze studie vonden we 
dat rookspecifieke communicatie samenhangt met verschillende cognities. Meer 
specifiek, frequentie van communicatie hing samen met een minder positieve attitude 
ten aanzien van roken en met een mindere sociale acceptatie van roken door moeders en 
vrienden (i.e., sociale norm). Een meer constructieve en respectvolle communicatie over 
roken hing samen met een minder positieve attitude ten aanzien van roken en meer 
weerbaarheid om roken te weigeren. Daarnaast vonden we meer sociale acceptatie van 
roken door vrienden, wat tegenovergesteld was aan wat we verwachtten. Het rookgedrag 
van ouders hing eveneens samen met een positievere attitude ten aanzien van roken en 
meer sociale acceptatie van roken door hun moeder en (beste) vriend(en). Pro-roken 
attitudes en sociale normen van vrienden en beste vriend (alleen bij directe samenhang 
tussen twee variabelen) waren de enige cognities die samenhingen met beginnen met 
roken tijdens de preadolescentie. Tot slot hing het rookgedrag van ouders en frequentie 
van communicatie ook direct samen met beginnen met roken. Uit deze studie blijkt dat 
ouders al hun kinderen op jonge leeftijd (i.e., in de preadolescentie) kunnen beïnvloeden 
op de vorming van hun rookgerelateerde cognities.
 In Hoofdstuk 3 werd de rol van zelfweerbaarheid bij beginnen met roken van 
adolescenten onderzocht. Hiervoor maakten we gebruik van een longitudinale studie 
waarin jongeren over een periode van vier jaar gevolgd werden. We keken naar een 
subgroep van 272 niet-rokende jongeren op de eerste meting, om inzicht te krijgen in de 
ontwikkeling van hun rookgedrag over tijd. We onderzochten, of de zelfweerbaarheid van 
jongeren veranderde over tijd en of deze veranderingen voorspellers zouden kunnen zijn 
voor het beginnen met roken. Daarnaast controleerden we in de analyses voor het 
rookgedrag van ouders, broer of zussen, en vrienden. Resultaten van deze studie lieten 
zien dat zelfweerbaarheid fluctueert over tijd en dat die fluctuaties over tijd, naast het 
rookgedrag van vrienden en broers en/of zussen, een belangrijke voorspeller is van het 
beginnen met roken.
 In Hoofdstuk 4 keken we naar het moment van beginnen met roken en welke 
factoren hierop van invloed waren zoals zelfweerbaarheid, rookgedrag van de omgeving, 
en rookspecifieke communicatie. Hierbij keken we specifiek naar wanneer jongeren 
beginnen met roken en naar de voorspellende factoren daarvan. Hiervoor werden survival 
analyses gebruikt, die inzicht geven in de vraag òf jongeren beginnen met roken en 
wanneer. We maakten weer gebruik van de eerder beschreven dataset met daarin 272 
jongeren die nog nooit gerookt hadden. We vonden dat lage zelfweerbaarheid, vaak 
praten met kinderen over roken, en rookgedrag van broers en/of zussen samenhing met 
roken een jaar later. Op basis van deze twee hoofdstukken kunnen we concluderen dat 
zelfweerbaarheid een belangrijke voorspeller is van beginnen met roken gedurende de 
midden en late adolescentie. Hierbij is het belangrijk om rekening te houden met de 
veranderingen van zelfweerbaarheid gedurende de adolescentie.
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Deel II: gen-omgeving interacties en beginnen met roken
In Hoofdstuk 5 keken we naar de invloed van rookgedrag van ouders, broers en/of 
zussen en vrienden en de dopamine-gerelateerde genen (DRD2, DRD4, DAT1) op het 
rookgedrag van adolescenten. Daarnaast keken we of het rookgedrag van de omgeving 
een sterker effect zou hebben op kinderen die een genetische gevoeligheid hadden van 
het dopamine systeem om te beginnen met roken. Daarvoor testten we of er een 
interactie was tussen de risico-allelen van de dopamine-gerelateerde genen en het 
rookgedrag van de omgeving. Om dit te onderzoeken gebruikten we twee verschillende 
datasets, waar wederom de niet-rokende adolescenten op de eerste meting geselecteerd 
werden. De eerste studie bestond uit 991 niet-rokende vroeg-adolescenten en de tweede 
studie uit 365 niet-rokende midden tot late adolescenten. Het repliceren van de onder-
zoeksresultaten is erg belangrijk om de robuustheid van de bevindingen van 
gen-omgeving interactie studies aan te tonen. De resultaten van deze studie lieten zien 
dat tijdens de vroege adolescentie het rookgedrag van ouders en vrienden een rol spelen 
en dat in de midden tot late adolescentie voornamelijk het rookgedrag van vrienden van 
invloed is. De dopamine D2/D4 receptoren en het dopamine transporter DAT1 gen 
hadden geen directe effecten, noch was er sprake van interacties. Met andere woorden, 
kinderen met risico-allelen van de verschillende dopamine genotypen reageerden niet 
anders op rokers in hun omgeving dan kinderen zonder risico-allelen.
 In Hoofdstuk 6 onderzochten we de invloed van rookspecifieke opvoeding op het 
beginnen met roken van adolescenten. Daarnaast keken we naar de interactie tussen de 
rookspecifieke opvoeding en de eerder genoemde dopamine-gerelateerde genen en de 
rol hiervan op het rookgedrag van de adolescent. Hiervoor werd gebruik gemaakt van 
een dataset met 365 niet-rokende adolescenten. Om de ontwikkeling van het rookgedrag 
en opvoeding over tijd en de bi-directionele relatie tussen deze factoren in kaart te 
brengen werden verschillende longitudinale analyses gebruikt. Resultaten lieten een 
directe relatie zien tussen de kwaliteit van communicatie en beginnen met roken. Hoe 
meer over roken gepraat wordt, hoe minder er begonnen wordt met roken. Voor 
frequentie van communicatie en huisregels werd geen direct effect gevonden. Ook in 
deze studie werden geen directe effecten gevonden van de dopamine-gerelateerde 
genen, noch was er sprake van interactie-effecten tussen opvoeding en de dopamine-
gerelateerde genen op het rookgedrag van jongeren. De resultaten van beide gen-omge-
vingsinteractie studies lieten zien, dat voor beginnen met roken de invloed van de 
omgeving belangrijker is, dan genetische factoren van het dopamine systeem. Preventie 
programma’s zouden zich moeten richten op onder andere deze omgevingsfactoren.
Deel III Preventie van beginnen met roken
Hoofdstuk 7 beschrijft het studieprotocol van het Rookvrije Kids preventie programma 
dat met behulp van een RCT getest werd. Het preventie programma richtte zich op 
kinderen in de leeftijd van 9-11 jaar oud, die nog niet roken. Het programma is ontwikkeld 
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in de Verenigde Staten door Jackson & Dickinson (2003; 2006). In Nederland testten we 
een aangepaste en gemoderniseerde versie van dit programma. Het programma bestaat 
uit vijf magazines, die zich richten op het verbeteren van ouderlijke vaardigheden om met 
kinderen over roken en verslaving te kunnen praten. In elk magazine staan activiteiten 
beschreven, die gericht zijn op het verbeteren van deze rookspecifieke communicatie 
tussen ouder en kind. De magazines bevatten voor moeders een extra communicatievel 
met achtergrondinformatie en communicatietips. De controlegroep kreeg magazines, die 
bestonden uit informatie gebaseerd op feiten van roken en tabaksgebruik. Aan het 
programma namen 1478 kinderen en hun moeders deel. Hiervan zaten 728 kinderen in de 
interventiegroep en 750 in de controlegroep. Analyses zijn alleen uitgevoerd op alle 
niet-rokende kinderen op de eerste meting (N = 1398)
 In Hoofdstuk 8 worden de kortetermijneffecten van het Rookvrije Kids preventie 
programma geëvalueerd. Hierbij is gekeken naar de effecten direct na het programma 
(6 maanden meting) op rookgerelateerde cognities en rookspecifieke opvoeding. De 
resultaten lieten zien, dat het programma invloed had op sommige cognities en op 
sommige onderdelen van rookspecifieke opvoeding. Meer specifiek, voor rookgerelateerde 
cognities vonden we dat kinderen in de interventie groep een lagere sociale acceptatie 
van roken door hun moeder (marginaal), vrienden, en beste vriend hadden. Ook werd een 
lagere zelfweerbaarheid gevonden in de interventiegroep ten opzichte van de controle-
groep. Dit was tegengesteld aan onze verwachtingen. Voor rookspecifieke opvoeding 
toonde de studie aan dat er in de groep die deel had genomen aan het preventie-
programma vaker gepraat werd over roken, meer kinderen en ouders een niet-roken afspraak 
opstelden en dat de kinderen dachten dat hun moeder hen er van kon weerhouden om 
te beginnen met roken (moederlijke invloed) in vergelijking met de controlegroep. Geen 
programmaeffecten werden gevonden op kwaliteit van communicatie, rookspecifieke 
huisregels, beschikbaarheid van sigaretten in huis en de reactie van ouders op rook - 
gedrag van kinderen. Ook werden voor de rookspecifieke opvoeding, geen verschillende 
programma effecten gevonden voor rokende en niet-rokende ouders. 
 Hoofdstuk 9 evalueerde de langetermijneffecten van het Rookvrije Kids preventie 
programma gericht op het voorkomen dat kinderen gaan beginnen met roken. Na 36 
maanden werden geen programmaeffecten gevonden op beginnen met roken. Er werd 
gevonden, dat in de interventiegroep 10.8% van de kinderen een trekje hadden genomen, 
in vergelijking met 12% in de controlegroep (OR = 0.90, 95%CI = 0.63-1.27, p = 0.54). Ook 
werden geen modererende effecten van socio-economische status, ouderlijk roken en 
astma gevonden.
 In Hoofdstuk 10 keken we naar de langetermijneffecten van het programma op de 
voorlopers van beginnen met roken: de rookgerelateerde cognities. Hierbij keken we naar 
de invloed van het programma op de ontwikkeling van deze cognities, van de eerste 
meting tot 36 maanden. We vonden dat het programma een effect heeft op de 
ontwikkeling van sociale normen van moeder. Kinderen in de interventiegroep geloofden 
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dat hun moeder minder geneigd zou zijn om hun rookgedrag goed te keuren. Er werden 
geen effecten gevonden op de ontwikkeling van attitudes, zelfweerbaarheid, en de 
sociale normen van vrienden en beste vriend. Op basis van de resultaten vermeld in de 
bovengenoemde hoofdstukken, denken we dat preventie voor kinderen in de leeftijd van 
9-11 jaar te vroeg is om te voorkomen dat ze tijdens de adolescentie beginnen met roken. 
Een preventie programma dichter bij de leeftijd waarop kinderen gaan experimenteren 
met roken zou getest moeten worden.
 In Hoofdstuk 11 wordt een overzicht gegeven van alle gevonden resultaten in dit 
proefschrift en worden de resultaten vergeleken met de al bestaande literatuur. Verder 
worden de resultaten bediscussieerd en worden nieuwe inzichten en aanbevelingen 
gegeven voor de praktijk, het beleid, en toekomstig onderzoek. De belangrijkste resultaten 
van dit proefschrift waren: dat ouders al op jonge leeftijd hun kinderen beïnvloeden op 
de vorming van rookgerelateerde cognities, dat zelfweerbaarheid een belangrijke rol 
speelt om te voorkomen dat jongeren beginnen met roken en dat preventie van roken 
tijdens de basisschoolleeftijd er niet voor zorgt dat kinderen gaan beginnen met roken 
tijdens de adolescentie.
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natuurlijk ook de koffietjes die we gezellig doen! Ex buufje, Rebecca, ten eerste bedankt 
dat je me hebt aangenomen, zonder jou had ik hier niet eens gestaan. Ook bedankt voor 
je inhoudelijke discussie over serieuze werkdingen maar ook onze bruiloften! Wat ben jij 
een topwijf!
 Daarnaast wil ik de dames van het wandelgroepje bedanken voor het O2 tanken. 
Wat heerlijk om tijdens de wandeling weer geüpdated te worden van al jullie persoonlijke 
ontwikkelingen: Marleen, Renske, Linda, Gerine, Dana, Junilla, Evelien, Els, Hannah, Johanna, 
en andere collega’s die ik misschien vergeten ben. Daarnaast ook bedankt voor de gezellige 
koffie en thee pauzes, in de afgelopen vierenhalf jaar: Lisanne, Suzanne, Yuli, Hannah, Eeske, 
Hanneke, Kris, Marleen, Monique etc. Heb ik nog wel gewerkt??  en volgens mij heb ik 
ondertussen iedereen van de afdeling zo goed als benoemd…Wacht even, de belangrijkste 
paarden van stal, de afdeling bedoel ik, nog vergeten: de dames van het secretariaat, 
Diana, Lonneke, Claudia, Katja, en weer ook Hedwig, bedankt voor alle dingen die jullie 
tijdens de afgelopen jaren voor me hebben gedaan, zoals het inpakken van de eindeloze 
hoeveelheid brieven en boekjes en het regelen van declaraties en andere dingen! We 
kunnen niet zonder jullie!
 Naast het werk ook tijd voor ontspanning! De “VU-dames”, Merel, Anne, Frederike en 
Maartje wil ik bedanken voor jullie gezellige etentjes, dagjes uit, babybezoekjes, etc. Wat 
leuk dat we goed contact hebben gehouden en zo leuk dat al onze mannen het ook zo 
goed kunnen vinden! Nog een specifiek woordje voor Merel, we zaten in het zelfde 
schuitje qua promoveren, wanneer is het af, de lunches in Nijmegen, etc. Fijn om promotie 
perikelen met je te kunnen bespreken! Jij succes met de laatste loodjes! Annemieke, ik 
leerde je via Merel kennen, en wat was dat leuk! Bedankt voor de gezellige en sportieve 
uurtjes op de tennisbaan of sintelbaan gevolgd door de “luxe” dinertjes bij De Refter. 
Marts, wat woon je toch ver weg, maar elke keer als ik je weer spreek en zie is het weer als 
van oud. Fijn om met je te kunnen babbelen over van alles en nog wat. Tuut! Lieve 
paranimf, lieve Noor, we verschillen best van elkaar, maar wat hebben we een super klik. 
Ik kan genieten van je enthousiasme en je laat me zien hoe meer te genieten van het 
leven! Heerlijk! 
 Schoonfamilie, Annie en Harrie bedankt voor jullie interesse en het vertrouwen in mijn 
‘slim’ zijn. 
 Twin, Anne, bedankt voor je steun, nachtjes weg, wintersportvakantie, en gezellige 
weekendjes (klussen). Ellen bedankt voor het vacatures spotten! Heel fijn dat je altijd 
bezorgd bent om je kleine zusje(s)!
 Pap en mam, bedankt voor jullie liefde, steun, en vertrouwen. De beste opvoed-
eigenschappen heb ik tijdens mijn promotie geleerd. Pap, fijn dat jij dat promoveren al een 
keer voor deed. Ik hoop het net zo te doen als jij .
 Simon! Mijn allerliefste. Ik wil je bedanken voor je steun en toeverlaat. De gezellige 
etentjes, uitjes op de rode loper. Naast gek doen, kunnen we ook heerlijk samen praten, 
maar helaas heb jij toch vaak gelijk… Naast het harde werken houden we van de wereld 
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te ontdekken. Wat is dat altijd weer een feestje! Dankzij de vele vakantie dagen van de uni 
(promoveren in 5 jaar is netto 4 jaar en 3 maanden) hebben we heel wat landen en steden 
mogen bezoeken. Ik heb het even op een rijtje gezet(!): Maleisië, Singapore, Indonesië, 
Verenigde Staten, Australië, Argentinië, Brazilië, Uruguay, Dubai, Kreta, Kroatië, Italië, 
Frankrijk, Zuid-Afrika en stedentripjes naar Barcelona, Belfast en last but not least Istanbul J. 
Hopelijk kan dit ook nog als je vrouw na het promoveren ook een ‘echte’ baan heeft. 
Lieverd ik hou van je en samen gaan we oud worden! 
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